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Seismometric Study 

BY 

S. C. Roy, D.Sc., Burma Meteorological Department. 

PART I.— DISCUSSION OF THE EARTHQUAKE. 

CHAPTER I. 

introduction. 

(J. A. Dunn.) 

Distribution and severity of the shock. 

The earthquake, which is to be discussed in this memoir, com- 
menced between 14 hours 13 minutes and 14 hours 14 minutes, 
Indian standard time on the 15th January li^34, and continued 
to be felt during a period of 5 minutes in the central tract. The 
area of greatest devastation was in North Bihar and Nepal, but 
damage of gradually diminishing intensity extended into adjacent 
provinces. 

Within three minutes Monghyr and Bhatgaon were in ruins, 
as also were large parts of Motihari, Muzaffarpur, Darbhanga, 
Katmandu and Patau, whilst in Sitamarhi, Madhubani and Pumea 
houses had tilted and sunk into the ground. In Pumea 95 per 
cent, of the houses were said to be uninhabitable and 50 per cent, 
destroyed. Across the Ganges, damage in such towns as Patna, 
Barh and Jamalpur was seveie, the roads were choked with bricks 
in placos, as at Jamalpur, and sections of the bazaar collapsed. 
Serious damage took place so far afield as Darjeeling and other 
places in Bengal. 

Within the limits of the Indian Empire the shock was felt over 
a distance of up to 1,000 miles from the central tract by persons 
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as far as Peshawar in the north-west, Fort Hertz in the east, Akyab 
in the south-east, Bezwada and Ongole in the south and Bombay 
in the south-west. In a northerly direction, beyond Nepal, no 
reports have been available as to the distance the shock was sensible 
to man, but pilgrims in Katmandu reported its occurrence at Lhasa. 
It was felt over an area of approximately 1,900,000 square miles 
(4,920,000 square kilometres) in India and Tibet, and accordingly 
the Bihar shock ranks in intensity with any similar catastrophe 
that has taken place in historic times. 

In general the shock went unnoticed in South Bombay Presidency, 
South Madras Presidency and in Mysore but along a narrow strip 
of the west coast, in Travancore and South Kanara, slight movement 
was reported. A slight shock was also reported near Moulmein in 
Lower Burma. 

The shock was recorded in most of the seisinological stations 
of the world ; according to reports the earthquake bell at the West 
Bromwich Observatory, England, stopped as a result of the inten- 
sity of the movement. In India the shock was so strong that none 
of the seismographs in Calcutta, Agra or Dehra Dun w^as able to make 
a complete record of the earth waves. At Colaba in Bombay the 
earthquake was fully recorded only by the east-west component 
of the Ormori-Ewing instrument ; the recording mechanism of the 
north-south component failed to register after the incidence of the 
secondary waves. A record from Oorgaum, in South India, is more 
complete. 

Loss of life was almost entirely confined to the central area ; 
the deaths reported were distributed as follows : — 


Muzaffaxpur town 







050 

Muzafiarpur district 







1,683 

Darbhanga town 







310 

Darhhanga district 







1,839 

Monghyr town . 







1,260 

Monghyr district 







237 

Champaran district 







499 

Saran district 







193 

Bhagalpnr district 







174 

Patna district 







142 

Gaya district 







34 

Shahabad district 







22 

Pumea district . 
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It is possible that a few additional casualties were not reported. 
In the Nepal Valley the deaths numbered about 3,400 or a little 
over one per cent. ; in other parts of Nepal many deaths were 
caused by people being overwhelmed by rock falls. It is a fort- 
unate circumstance of this earthquake that the known death roU of 
7,263 in India, although great, is not in proportion to the damage 
done to property. Two factors contributed to this comparatively 
low mortality : the shock took place in the early afternoon at a 
time when most people were awake, and many were out of doors 
and the shock did not reach its greatest intensity until some two 
and a half minutes after its commencement, so that many people 
had time to rush out into the open. Comparisons have been made 
between the intensity of this earthquake and of the later Quetta 
catastrophe in 1936, on the score of mortality. In both cases 
parts of towns were wiped out and there is little doubt that although 
over a small area the Quetta earthquake attained the highest inten- 
sity of the Bihar shock, in north Bihar this high intensity covered 
at least, with the Assam 1897 earthquake, an area which has not 
perhaps been exceeded and seldom equalled. 

News of the earthquake reached Calcutta on the same day, 
more particularly with reference to Darjeeling, but for a day or so 
the extent of the damage in north Bihar was not appreciated. Over 
a large area roads were badly damaged, railway tracks were com- 
pletely destroyed, and telegraph and telephone communications 
were entirely dislocated. The magnitude of the disaster in the 
central tract of north Bihar became known as a result of aerial 
surveys undertaken by the Bihar Government and by private en- 
terprise. Severe damage was so widespread, however, that it wa» 
not possible to say which was the epicentral tract, and it was only 
after two months, when the geological survey had indicated the 
trend of the isoseismals, that the position of the epicentral region 
could be delineated. 

Geological Survey investigation. 

Immediately the serious nature of the earthquake became evident 
the Geological Survey of India commenced preparations for the exami- 
nation of the devastated area. Dr. J. A. Dunn, Mr. J. B. Auden 
and Mr. A. M. N. Ghosh were deputed to investigate the central 
dovaatated area in Bihar and Nepal — the Nepal region being 
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undertaken by Mr. J. B. Auden alone. Mr. D. N. Wadia was deputed 
to investigate the outlying areas in northern and western Bengal, 
Immediately after the earthquake a copy of a standard questionnaire 
was published in the various Indian newspapers, calling for public 
co-operation in reporting the effects of the earthquake, and, in 
addition, a standard questionnaire, 1’able 1 was circulated, first to 
the most affected parts of India and subsequently to the more 
distant parts and to Burma 

The three officers working in north Bihar continued their inves- 
tigations until April. Mr. Auden worked mainly in the central and 
northern parte of the damaged area in Bihar and in Nepal ; Mr 
Austin Ghosh worked in the central and western part of the area ; 
whilst Dr. Dunn, besides traversing the central zone, investigated 
the eastern and southern parts of the damaged area. By overlapp- 
ing to some extent the individual investigations were closely com- 
pared and a precise isoseismal map of the central region emerged ; 
the absence of any serious differences of opinion in the delineation 
of the isoseismals, drawn to a large extemt individually, is an indica- 
tion of the confidence which the authors have in it. 

At the commencement of the investigation the three officers 
deputed to the central tract met in Patna and, after a survey of 
the damage there, decided on the value they would attach to the 
several types of damage on the lin(‘s of the Mercalli scale, so that 
at the outset a uniform sc4ile in estinmiing intensities for this area 
was determined. In addition, those features wliich it was apparent 
required particular investigation in this earthquake were notc'd, 
such as Assuring and widespread emission of water and sand. 
Every opportunity was also taken to allay local anxiety of the 
possible repetition of severe shocks. Large areas had to be covered 
in as short a time as possible, by motor car wherever practicable, 
otherwise by cart or on foot. Considering the widespread damagt* 
to roads it speaks well for the local assistance rendcTod that th(‘ 
work was completed in such a short time one of the authors drove 
7,000 miles in the affected area in two months. 

Immediately the field work was completed, preliminary reports 
were submitted to the Governments concerned. Mr. D. N. Wadia 
submitted his report on Darjeeling and Western Bengal to the 
Government of Bengal during Marcli. The })r(‘liminary report on 
Bihar by Dr. J. A. Dunn and Messrs. J. B. Auden and A. M. N. 
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Ghosh was submitted to the Gkivemment of Bihar and Orissa in 
early May, and Mr. Auden’s report on Nepal was submitted to the 
Government of Nepal in June. 

The object of these reports was not to give a scientific descrip- 
tion of the earthquake, but to advise the Governments concerned 
on several fundamental questions of reconstruction, from the point 
of view of both private and pubhc buildings. The report to the 
Government of Bihar and Orissa was published soon afterwards 
by the latter Government, apparently with the object of making 
more widely known to the public the measures for reconstruction 
which the Geological Survey officers had recommended. 

In the meantime short popular articles describing the earth- 
quake had appeared in several of the Indian papers, from the pen 
of some of the Geological Survey officers at headquarters. 

Subsequently Messrs. Auden and Ghosh, in the absence of 
Mr. Wadia on field work in Kashmir and of i)r. Gunn on leave, 
wrote a preliminary report for pubhcatioii m the Records of iht 
Geological Survey of India, vol. LXV’lll, pp. 177-2159, (1934). Their 
report summarised the results of the field investigation, and, in the 
construction of a complete isoseismal map, they utilised the very 
numerous rephes submitted from all over India and Burma to the 
questionnaire issued by the Geological Survey. 

The object of the present memoir, written after the lapse of 
some 2J years, is to give a more complete account of the catastrophe 
from its geological aspect as it appears in more lengthy retrospect. 
There is one part of this study of earthquakes which the four 
geological officers concerned felt would be much wiser left to the 
pen of a specialist, and we were indeed grateful to secure the services 
of Dr. Roy to undertake the chapter on Seismometry. We behevc 
that Dr. Roy’s contribution will help tliis memoir to assume a more 
authoritative note. 

It is of interest to record here that Dr. Roy, being m Rangoon, 
wrote his chapter without the opportunity of discussing our view- 
point with us. Our writing was practically completed at the end 
of 1936, his arrived in the latter part of 1937. It was most gratify- 
ing to find how closely Dr. Roy's independent results so completely 
agreed with our conclusions. We had scarcely expected such close 
confirmation of each other’s work. His position of the epicentre, 
for example, is well within the areal limits expected by us. 

B 
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CHAPTER TI. 


DISCUSSION OF SCALES AND ISOSEISMALS. 

(J. A. Dunn, J. B. Auden and A. M. N. Ghosh.) 

Discussion of scales. 

The maps attached to this memoir represent the delineation 
of the zones of intensity according to the Mercalli modification 
of the Uossi-Forel scale. On Plate 1 isosei.‘<mals VI to X are shown 
in the regions of Bihar, Nepal and Bengal that were most affected 
by the earthcjuake. These were determined by observation in 
tlie field and by the assistance of the quest iomiaires given in Tables 
1 and 2 . The isoseismals for the whole of India are shown on 
Plate 2, and were determined by an examination of the replies to 
the (|iie8tionnaires wliich were s(*nt out by the Geological Surv'ey 
of India and tlie Meteorological Department. Isoseismals III 
and II cannot be adei^uately differentiated. 

In the following tables are .set out thr(‘e questionnaires. In 
Talile 1 is shown the standard (juestionnaire which was in use up 
till 1935, replies to which determined the drawing of the lower 
isoseismals in the Bihar-Nepal earth(|iiake. In Table 2 is given 
the questionnaire which was sent out by the Geological Survey 
party from Patna througli the Government of Bihar and Orissa, 
at the end of Janiiarv 1934. This was formulated as a result of the 
early experience of the earthquake effects in Bihar, and was designed 
to supplement the work of the party investigating the severely 
affected area. In Table 3 is shown the new (questionnaire which 
was proposed by the Earthquake Committee of the Geological 
Survey of India as a substitute for that previously in force. This 
questionnaire is the one which will be used for future earthquakes. 

The Mercalli scale is given in Table 4, together with certain 
additions and in<xiifications that the field party of tlu‘ Geological 
Survey of India have suggested. 

The extent of emission of sand from vents and fissures north of 
the Ganges is sufficient to warrant the inclusion of the factor of 
sanding as one of the criteria. In North Bihar the omission of 

( ^ ) 
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sand is rare outside isoseismal VIII, and reaches its maximum 
throughout tlie slump belt within isoseismals IX and X. Factors, 
such as a capping of hard clay, may sometimes tend to inhibit 
sanding, even in isoseismal X of the slump belt, but in general the 
criterion of sanding has been found useful in delineating the isoseis- 
mals. 

Contrary to what is indicated in the Mercalli scale, it was found 
in Nepal that landslides occur within isoseismals VIII — X, and 
not solely in X as is there givem. Many of the hill sides in the 
Himalaya are normally unstable, as is shown by the number of 
landslides that occur throughout the whole chain quite indepen- 
dently of any seismic disturbance. Solution-brecciation of lime- 
stones ; weathering of felspar grains in arkosic sandstones, granites 
and gneisses ; well-developed jointing in sandstones and quartzites ; 
bedding planes coincident with the hill slope ; angle of slope and 
undercutting by river erosion ; progressive deforestation and ex- 
posure of soil cap to sudden downpours of rain ; these are all factors 
which cause non-seismic landslips. It cannot Ix' supposed, there- 
fore, that the landshps arising as a result of the earthquake neces- 
sarily indicate the highest degree of intensity. In many instances 
the shock must have been simply a trigger action that set moving 
hill slopes which had long previously been unstable. 


Construction of the isoseismals. 

The delineation of isoseismals is never easy, and, in the case 
of the Bihar-Nepal earthquake, it proved in places to be difficult. 
The earthquake affected the three main geological units of India : 
the Peninsula, the Gauge tic alluvium, and the Himalaya. Between 
these units there are great contrasts in degree of consolidation and 
in water content of the rocks, with the consequence that the rates 
of wave propagation, and the amplitude and acceleration of wave 
motion are very varied. Even within a single unit there is no 
homogeneity. In addition, there are pronounced differences in 
the manner of building construction, varying from huts of mud and 
of mud-plastered bamboo, through hUchorpiicca houses to well 
constructed railway, sugar-factory and government buildings. 

During the investigation we were confronted with rapid and 
often inexplicable changes in intensity throughout even the arei^ 
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TABLE 1. 

Earthquake Report. 


Meteorological observatory at- 


1. Date of earthquake ....... 

2. Time of occurrence, if possible exact standard time . 

3. Duration of shook in seconds ..... 

4. Situation of observer, whether in or out of doors, asleep or 

awake, sitting or standing, etc. 

5. (1) Number of separate shocks, if more than one was felt 

(2) Interval between the shocks ..... 

6. Were any unusual sounds heard either before, during or 

after the shook, and what did they resemble t 

7. What was the intensity of the shock, whether strong 

enough — 

(1) To be felt by persons at rest .... 

(2) To make doors, windows, etc., or loose objects 

rattle, and floors croak. 

(3) To moke hanging objects swing ; if so, in what direc- 

tion. 

(4) To move the observer’s seat .... 

(5) To throw down loose objects ; if so, in what direc- 

tion ; give weights and distancos if possible. 

(6) To crook the walls of buildings ; give the direction of 

cracks and alignment of walls. 

(7) To cause greater damage (to be specified) 


Signature of Observer- 


ci2 


Pate of recording observations* 
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TABLE 2. 

Eabthqxjake Rsport. 

1. Date of earthquake •••••.• 

2. Time of occurrenoe, if poBsible exact standard time . • 

3. Duration of shook in seconds ..... 

4. (a) Number of separate shocks, if more than one was felt 
(6) Interval between commencement of separate shocks . 

6. Geographical direction of swing of hanging objects . 

6. Direction of movement of ground, floor, etc., during each 

separate shock. 

7. (a) Directionoffaliofobjectssuchasalmirahs, gates, walls, 

pillars, turrets, etc. 

(b) Measurement of such objects ..... 

8. (a) Direction of projection of objects such as bricks from 

roof copings. 

(6) Height from which projected, distance projected and 
weight of object. 

9. Direction of cracks in walls, etc,, mentioning geographical 

alignment of waU. 

1 0. (a) Direction of fissures in ground 

(b) Width of fissures ....... 

11. Phenomena associated with formation of sand and/or water 

vents. 

12. Any unusual phenomena in rhrert, large tanks and wells . 

13. Type of buildings most aflFeoted — concrete, pucca brick, 

semi-pucca brick, or mud huts ; whether l^vy or light 
roof. Type of foundation. 

14. Distortion of railway and road alignment 

Signed 


Address 
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TABLE 8. 

Earthquake Report. 
Place of observation : — 

(i) town or village 

(ii) tahsil, taluka 

(iii) district or state 

(iv) nearest railway station. 

1. Date of earthquake (day b^ins and ends at midnight) 

2. Time of occurrence, if possible Indian Standard Time 

3. Number of separate shocks, if more than one was felt, and 

intervals between. 

4 . Duration of shook or shocks in seconds .... 

6. Situation of observer, whether in or out of doors, asleep or 

awake, sitting or standing, etc. 

5. Typo of building of observer’s house, i.c., kutcha, kutcha* 

pucca, pucca, one or more storeys. When was it built ? 

7. Were any unusual sounds heard either before, during or 

after the shock and what did they resemble ? 

8. What was the nature of the movement and did it spi>car to 

come from any particular direction, as ascertained from 
line of swing of hanging lamjiB, movement of liquids in 
cups, tubs or tanks ? 

9. Was the intensity of the shock strong enough to have the 

following effect* — 

(o) To be felt by persons sitting or lying ? . 

(6) To bo felt by persons in motion ? . 

(c) To make doors, windows, etc., or loose object* 

rattle 7 

(d) To make hanging objects swing 7 . 

(e) To shake trees and shrubs 7 . 

if) To shake the observer’s seat or bed 7 . 

(y) To throw down loose objects on tables and shelves 
such as clocks, bottles, utensils 7 
(A) To crack the walls of buildings ? . . . • 

(») To cause greater damage 7 (to be sjiecitiod) . 
ij) To cause other phenomena such as ground iissures, 
sand and water spouts, slipping of the banks of 
tanks or rivers 7 


Observer. 


SuperifUefidefU of Observatory, 
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Meroalii 


leoseismals. 

Additional criteria. 

Accelera- 
tion : in 
mm. per 
see. per see. 
MoAdie. 

AcCeleraiicnl 
in Bihar. 

1. Instrumental shock, 

that is, noted by 
seismic instruments 
only. 


10 


II. Very sUght, felt only 
by a few persons in 
conditions of perfect 
quiet, especn^y on 
the upper floors of 
houses, or by many 
sensitive and nervous 
persons. 







III. Slight, felt by several 
persons, but by few 
relatively to the num- 
ber of inhabitants in a 
given place ; said by 
them to have been 
hardly felt, without 
causing any alarm, 
and in general without 
their recognising it 
was an earthquake 
until it was known 
that others had felt it. 


2r) 

•• 

IV. Sensible or moderate, 
not felt generally, but 
felt by many persons 
indoors, though by 
few on the ground- 
floor, without causing 
any alarm, but with 
shaking of fastenings, 
crystals, creaking of 
floors, and slight 
oscillation of sus- 
pended objects. 


50 

•• 

V. Kather strong, felt 
generally indoors, but 
by few outside, with 
waking of those asleep, 
with alarm of some 
persons, rattling of 
doors, ringing of bells, 
rather large oscilla- 
tion of suspeiided 
objects, stopping of 
clocks. 


1(K) 

•• 
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scale. 


TABLE 4 — contd. 


IsoaeiBmal. 

Additional criteria. 

Accelera- 
tion : in 
mm. per sec. 
per sec. 
McAdie. 

Aooeleraiion 
in Bihar. 

VI. Strong, felt by eveiy one 
indoors, and by many 
with alarm and flight 
into the open air ; 
fall of objects in 
houses, fall of plaster 
with some cracks in 
badly built houses. 

1 

250 

1 


VII. Very strong, felt with 
general alarm and 
flight from houses, 
sensible also out-of- 
doors ; ringing of 
church-bells, fall of 
chimney pots and 
tiles ; cracks in numer- 
ous buildings, but 
generally slight. j 

j 

1 

1 

Very' rare sand \ eutb . , 

* 1 

500 j 

i 
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of maximum damage. The question arose as to whether it was 
necessary to assume an actual diminution in intensity in these 
lightly affected areas, and hence to split up the whole region into 
irregularly disposed patches of high isoseismals enclosed within a 
more general area of low intensity, or whether the shadow areas 
should be regarded as an indication of apparent and not intrinsic 
intensity, and a general isoseismal should be drawn to embrace 
collectively the isolated areas in which damage was of the same 
high order. Ideally it would have been best in any case to have 
mapped all the shadow areas, but time did not permit of such detail. 
We were compelled to regard the areas of low damage as indicating 
only an apparently low intensity, and to draw the isoseismals in a 
generalised way, taking notice of the peaks of damage conforming 
to the various grades of the scale, and ignoring the intervening 
shadow areas. On the other hand, it seemed impossible to ignore 
the separation of the high intensity areas in the Katmandu valley, 
and between Patna and Mongh)rr, from the main central region by 
more clearly defined areas of low^ intensity, so that our map does 
not include all the areas of intensity IX and X within a single 
closed isoseismal IX. 

An attempt was made by Mr. Williamson (now Sir J. William- 
son), Agent of the B. and N. W. Railway, to make a rough isoseismal 
map from the data which was accessible to him. He assumed the 
epicentral area to lie 30 miles north of Sitamarhi. Around this 
he marked a star-shaped area with rays enclosing regions of severe da- 
mage pointing to Katmandu (70 miles), Darjeeling (160 miles), Baii- 
mankhi (120 miles), Monghyr (120 miles), Sonpur (90 miles) and 
Chapra Kutcheri (100 miles). This map was evidently based 
chiefly on the damage occasioned by the various lines of the B. and 
N. W. Railway. Damage to these lines was divided into severe 
and less severe, and the rays of the star-shaped area were drawn to 
include the parts of the severely damaged lines. The country between 
the railway lines was considered by him to be less severely affected 
and is shown as inbayments of lower intensity. The value of this 
map is in the exact information it gives of the damage to railway 
property. It is of interest also in showing the deception which 
may result from taking accoimt of information derived almost 
entirely from arbitrarily selected localities. Fig. 1 is based largely 
upon Mr. Williamson’s map as well as upon our own observations 
of the damage incurred by the Eastern Bengal Railway. 
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Fro. 1.— lUflway lines affected bj the BiW-Nepal earthqnake. 
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Some of the factors tending to control the apparent intensity 
of the shock may now be summarised : — 

(1) Seismographic evidence indicates that the epicentre lies 

around 26° 18' : 86° 18' on the eastern edge of the region 
covered by isoseismal X. In general, the intensity 
diminishes with increasing distance away from this 
region. 

(2) The high intensity region of the Nepal valley probably 

arises from the presence in the valley of unconsolidated 
alluvium. 

(3) The extreme severity experienced at Monghyr is connected 

with the occurrence of a thin shelf of alluvium abutting 
against Archaean quartzites. 

(4) Damage was great along river banks and in low-lying water- 

logged lands bordering the rivers. It was less on thick 
clay beds. There was, nevertheless, a zone of slumping 
which cuts obliquely across the river tracts and the inter- 
vening slightly higher ground, and which we consider 
indicates the hidden fault disturbance. 

(6) Damage was intensified on unstable hill slopes. 

(6) Damage in the central region was more by slumping than 
by collapse. Away from this region slumping did not 
occur but collapse was prominent. Collapse was most 
pronounced in kiUcha-piicca buildings and less in pucca 
buildings or huts built of bamboo with mud plaster. 

We have already stated that the scale adopted in determining 
the isoseismals for the Preliminary Report was that of MercalJ i 
Isoseismal IX was relatively easy to determine over considerable 
areas, once it was decided to use only the evidence of maximum 
apparent damage. The central isoseist X must, however, be con- 
sidered to be more arbitrary since it was difficult to differentiate 
the slump area into more severely and less severely affected regions. 

The scale nonnaUy adopted by the Geological Survey of India 
is the Rossi-Forel scale, which is pitched in such a way that R.-F. 
X is roughly equivalent to Mercalli IX and X. For a truer com- 
parison to be made with some of the other Indian earthquakes, it 
would be better to consid^ the whole of the area within Mercalli 
isoseismal IX as that in which the earthquake was severely felt. 
This area is approximately 14,000 square miles or 36,200 square 
km. in extent. 
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General description of the isoseismals. 

In this section we shall outline briefly the character of damage 
and other earthquake efi'ects within the several isoseismals. These 
effects are discussed town by town in much greater detail in Part 
II, but the object here is to give a summary of the general condi- 
tions over the region enclosed by each isoseismal. 


ISOSEISMAL X. 

A stiuly of the isoseismal lines reveals three tracts where the 
intensity reached the degree of X. The largest of these, a flattened 
but regular ellipse, occupies a belt sonie 20 miles in width striking 
E. S. E. for some 80 miles from east of Motihari through Sitamarhi 
to Madhubani. Buildings within this area were destroyed more 
by slumping than by actual collapse. Another area of isoseismal 
X, a slightly irregular ellipse, lies south-east of Katmandu and 
strikes W. *S. W’.— E. N. E. for about 10 miles, including the town of 
Bhatgaon. Tlie third is at Monghyr. The total area included 
within isoseismal X approximates to 1,300 square miles or 3.400 
square kilometres. Within the areas enclosed by isoseismal X 

in the Nepal valley and at Monghyr the majority of the buildings 
were practically razed to the ground. 

Sitamarhi-Madhubam area.- Within the Sitamarhi-Madhubani 
area a general subsidence of the ground took place, giving rise to 
widespread fissuring and to destruction of buildmgs by tilting and 
breaking up of the foundation^. In large sub-divisional towns, 
such as Sitamarhi and Madhubani, many buildings slumped bodily, 
or individual walls slumped relatively to adjacent walls. Al- 

though the actual collapse of houses, in the sense of tumbling to the 
ground, was not excessive, not a liouse of any weight within this 
area escaped tilting and sinking and few were inhabitable, especially 
at Sitamarhi. This meant entire ruin and left no alternative but 
to rebuild the houses. Fissuring of the ground in this belt was 
severe and (‘mission of sand reached its maximum, covering the 

fl(X)r8 of houses, streets and drains in towns, and covering the 

countryside with thick mantles of sand. W>lls were choked with 
sand almost to the brim. Fissures and sand vents threw out sand 
three to four feet deep, the thickness dying out away from the 
centres of ejection. Sand and water vents and crater-like depres- 
sions lay in profusion in the lowlands. The walls of heavy buildings, 
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such as the Kaja of Darbhanga’s palace at Bajnagar, were 
dissected by gaping cracks a foot or more wide. Over considerable 
sections in this area roads and causeways subsided ; embankments 
originally six feet high were found at ground level, and boirowpits 
alongside the roads were often filled with sand. The majority of 
masonry bridges on the various roads had either collapsed or were 
severely damaged. Screw pile bridges fared better, although many 
of them were severely twisted and buckled. As will be seen 
from Plate 1 the whole of this area bes within the slump belt, which 
extends from the eastern part of the Saran district as far east as 
Purnea. 

Manghyr . — Monghyr is an old town built both on alluvium and 
on Archaean rocks. This was the worst affected town in Bihar, 
and here the devastation was most spectacular as far as the collapse 
of buildings was concerned. The devastation was greatest in the 
Chauk section of Monghyr bazar w'here houses collapsed whole- 
sale and scarcely a building or wall was left standing within an 
area of 12 acres. The remainder of the bazar was, however, much 
less affected. As a rule buildings on rock outcrops were damaged 
less than those on alluvium. The north-west corner of the town 
within the Fort suffered but slightly. The main damage to pucca 
buildings occurred along the north wall of the Fort, particularly 

at the eastern end, that is, on the alluvium at the edge of the high 
groimd, where all the buildings w'ere destroyed. The damage' 
done to buildings at Monghyr was entirely due to the severe shaking 
which the town received ; neither fissures nor slumping of the 
ground were noticeable except near the edge of the river on the 
north. The general direction of collapse throughout Monghyr 

was mainly to the east. 

Nepal valley . — The area in the Nepal valley enclosed by isoseis- 
mal X runs E. N. E. — W. S. W. through Bhatgaon, Harisidhi, 

Khokna and Bagmati. Bhatgaon showed about a 70 per cent, 

collapse of houses, while at Harisidhi, Khokna and Bagmati there 
was total destruction. Destruction in Bhatgaon was not uniform, 
counts along the streets showing six out of six, seven out of nine, 
five out of six and two out of five houses destroyed. Temples 
suffered less, and houses, built of polished brick, neatly and closely 
fitting, generally escaped. The famous Nyatpola temple, five stories 
high, was surprisingly undamaged. The Vhairaba temple collapsed. The 
condition at Harisidhi, Khokna and Bagmati was one of complete min. 
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At the time of visit, one month after the earthquake, bodies were 
still being recovered from a mass of debris which had obliterated the 
alignments of the alley -ways. In spite of this destruction of houses, 
there was, however, little in the condition -of the ground to suggest a 
violent earthquake. Slipping was only seldom found to have occurred 
even along the edges of the river terraces and there waa only one 
observed occurrence of a sand vent, near Harisidhi. Subsidence of 
the ground, and tilting and slumping of the houses were entirely 
absent. The type of damage was similar to that at Monghyr. 


ISOSEISMAL TX. 

As remarked on page 16, isoseismal IX of the Mercalli scale 
corresponds approximately to the Rossi-Forel X, a fact which 
should be borne in mind when comparing the Bihar-Nepal earth- 
quake with other shocks. 

The combined areas of very severe intensity equal to IX on the 
Mercalli scale cover about 14,000 square miles or 36.200 square 
kilometres in Bihar and Nepal. Isoseismal IX is found in three 
regions, the largest of which is bounded by an irregular elliptical 
curve extending 160 miles E. S. E. from west of Motihnri to Purnea, 
and from the Nepal border to the south of Muzaffarpur and Dar- 
bhanga. The pronounced emba^Tuent of the curve on its eastern 
side is noteworthy. The next large one is a narrow elongated 
zone, which extends from Patna to Monghyr, cutting off the northern 
salients of the Ganges. In the Nepal valley another area within 
isoseismal IX includes Katmandu and Patan. Buildings within 
the central isoseismal IX were damaged partly by slumping and 
partly by actual collapse and tumbling to the ground. The three 
areas are separated by wide belts of rather lower intensity in which 
the damage was equivalent to No. VIII on the Mercalli scale. 

North Bihar.— The largest area within isoseismal IX lies in 
North Bihar and along the Terai and southern ranges of Nepal. 
The presence of towns along the eastern, southern and western 
borders of this area enabled a fairly accurate demarcation to be 
made in these directions. To the north, in Nepal, towas are 
absent (Udaipur Garhi is only a village) and the boundary there 
is somewhat hypothetical. Moreover, it was only possible to visit 
a limited nombeor of places in Nepal, and the local officials who were 
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enooimtered appeared to know nothing of the condition in neigh- 
bouring districts. 

The slump belt is completely enclosed by this isoseismal. 
Within the part of this belt included within isoseismal IX the 
damage was on the whole similar to, but less intense than that in 
the more localised region of isoseismal X. Outside the slump belt, 
in places such as Muzaffarpur and Darbhanga, there was widespread 
shaking and collapse, but less tilting and subsidence. Prominent 
fissures and faults in the alluvium were generally confined to the 
vicinity of such depressions as rivers and lakes. Emission of sand 
and water was also prominent within parts of isoseismal IX not 
included within the slump belt, but was more or less independent 
of slumping. 

The phenomenon of slumping is probably, in the first instance, 
a function of distance from the focal region, but modified by local 
ground conditions. 

Kutcha-jmoca buildings suffered more damage than pucca build- 
ings or mud huts. Well built masonry structures, especially if 
of two or more stories, did not, however, escape, as is witnessed by 
the destruction of the Agricultural Research Institute at Pusa, 
and the palaces of the Darbhanga Raj at Darbhanga. 

A feature of the damage in the region enclosed by this isoseismal 
and that of No. X, is the number of earthquake shadows present. 
Between Muzaffarpur and Sitamarhi there are at least two zones 
along which destruction is small. The damage to buildings in 
any one town also presents anomalies. 

Of nearly 900 miles of line belonging to the Bengal and North- 
Western railway traversing North Bihar, scarcely one mile of track 
was undisturbed. Embankments subsided, the track was distort- 
ed and every bridge was damaged, many being completely destroyed 
(see Plates 31, 32, 35, 36). 

P<Una-M(mghyr . — A narrow zone of high intensity, reaching 
the degree of IX on the Mercalli scale, extends from Patna east- 
wards to Monghyr, cutting off the northern salients of the Ganges. 
The important towns affected within this zone are Patna, Barh, 
Monghyr and Jamalpur. In Patna the worst damage took place 
along the river front. This is not entirely due to the fact that the 
oldest structures are located here, several fine modern buildings 
were also severely damaged. Similarly, at Barh the effects of the 
earthquake were more pronounced approaching the river. At 
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JamalpuT the bazar area aad railway quarters near the station were 
most severely damaged, but the newer buildings towards the out- 
skirts of the town on the east and south sides were scarcely affected. 

Nepal valley , — The greater part of the low-lying areas in the 
Nepal valley is included within isoseismal IX. The towns of 
Katmandu, Tatan, Thimi and Thankot were all severely damaged, 
showing approximately a 25 per cent, collapse of houses. Thankot 
lies in a small area of isoseismal IX, which is separated from the 
main area by a continuation of the Kirtipur ridge. The actual 
position of isoseismal line IX is determined by the relationship 
between the soft unconsolidated fluviatile and lacustrine sediments 
which make up the low-lying portions of the valley, and the older, 
harder, pre-Tertiary rocks, which form an irregular rim to the 
valley. The pre-Tertiary rocks consist of granite, gneiss, quartz-schist, 
quartzite., calcareous quartzite and limestone. Villages situated 
on outcrops of these rocks escaped severe damage and frequent- 
ly scarcely suffered at all. This was especially evident in the 
area between Pashupatinath, Bcsldhanath, Gokarna and Sundarijal. 
The ridge of Kirtipur and the hill of Swayambunath also 
escaped. It was found that damage to property on the recent, 
loosely-compacted sediments of the valley bears little relationship 
to the nature of the sediments locally present. Gravels, sands and 
clays proved equally ineffective in damping the shock. 

Fissuring was very rare in the Nepal valley, being noticed only 
on the parade ground at Katmandu and along the flats bordering 
the nala near Nakhandol. No sand vents were seen within the 
area enclosed between isoseismals IX and X. The disturbance to 
the ground was clearly less than that within the Gangetic alluvium 
of North Bihar and the Nepal terai. This may be explained by 
the fact that water-logged sands are absent from the Nepal valley, 
any excess of water in the strata flowing out from the edges of the 
terraces in the alluvium. 

The palaces and houses in the bazar were equally affected by 
damage. Some of the temples of superior construction, and many 
houses built of nearly-fitting polished brick, escaped. In the 
palaces, the wings and upper stories suffered the most. 

As in Bihar, one of the chief factors responsible for the loss 
incurred is the poor quality of the materials employed in construc- 
tjoA, 



22 


BIHAB-27SPAL XABTH<)UAKE OF 19M. 


1808EI8MAL VIII. 

Isoseismal No. VIII encloses an area of 31,000 square miles 
(80,300 square kilometres) in Bihar, Bengal and Nepal. The line 
was demarcated with fair certainty in British India. In Nepal 
it was crossed or approached in three places. The form of the line 
near Katmandu is influenced by local topographical, and presu- 
mably geological, conditions. Chainpur and Taplejung indicated 
an intensity of about VIII, so that the line near these places is 
definite. The dotted lines to the north are purely hypothetical. 

The most important towns situated near the edge of this isoseis- 
mal are Bhagalpur, Bihar, Chapra, Bettiah, Darjeeling and Kur- 
seong ; other important towns affected within this zone were Dhan- 
kuta, Khagaria and Samastipur. Practically every brick-built 
building bore some stamp of the earthquake. A number of old 
and weak buildings collapsed. Damage was seen also in the upper 
stories, wings and porches of newer houses, and in the fall of temple 
spires and mosque minarets. Many mud houses in the Begu Sarai 
sub-division, north of Teghra, were razed to the ground. Destruc- 
tion was particularly prevalent near the western bank of the Gandak 
in Saran district, which is close to the western end of the slump 
belt. However, with the exception of two places in Patna distri(;t, 
damage due to slumping and subsidence in this area was practically 
nil. 

Fissures and sand vents occurred sporadically within the area 
enclosed by isoseismal VIII which lies north of the Ganges, but were 
considerably less in importance than within the higher isoseismals. 
Few wells in this area were reported to have been choked with sand. 

Railway bridges and permanent ways north of the Ganges 
suffered considerably, but not to the same extent as those within 
isoseismals X and IX. Two 200 feet girders of the Inchcape 
bridge on the Gogra, west of Chapra were thrown down ; several 
piers of the Bur Gandak Bridge near Rushera Ghat were fractured 
and had girders displaced ; a pier of the Bur Gandak bridge near 
Khagaria was sheared and the 100 feet spans of the Bur Gandak 
bridge near Samastipur had overridden the roller bearings. 

A zone of rather high intensity at the S. 8. W. corner of the 
isoseismal stretches for over 60 miles in a W. N. W. — K. 8. E. direc- 
tion from south-west of Arrah to east of Bihar, where many of the 
buildings were severely fractured. North of this belt, and south 
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of isoseisinal TX, tho damage was distinctly less. This belt has been 
separated from tlio normal isoseismal VIII by dotted lines, and is 
designated VJII. Fissures and sand vente were formed at Bikram, 
south of Hilsii, north of Luckee Sarai and north-east of Sitakund. 
At Bikram tln‘y wer<‘ a(Jc*ompanied by subsidence of buildings. 
In general, fissures an<l sand vents were absent south of the Ganges. 

The eastward continuation of isoseismal VIII includes the hill 
stations of Darjeeling and Kurseong. In Darjeeling several houses 
totally collapsed. Others were damaged by the crashing of h^avy 
masonry cliinineys through roofs and upper floors. Ground 
fissures w(‘re present at several places in Darjeeling, Tindharia 
and the Nepal hill villages. 


Isoseismal VTI. 

Isoseismal VTI has been prepared in the main from the answers 
to the earthquake questionnaire. The comparatively large area 
circumscribed is marked by a rapid diminution in apparent intensity 
as expressed m house damage, and the destnictive power of the 
earthquake h(‘e<mies visiblv' less. Within isoseismal VIII, the 
effects of tlie eartlnpiak** were suffieieiitlv strong to invite general 
attention, whereas within VII a det^iiled enquiry had to bo made 
before the violence of the sho<*k could be gauged. In course of his 
investigations at Gorakhpur one of the authors would not have 
noticed any damag<' hut for infonnatiou from local residents ; the 
outward normal appearance of buildings gave no hint that an 
earthquake had taken place. Nevertheless, several large towns 
situaU*d on the banks of the Ganges, such as Mirzapur, Benares 
and Allahabad, evinced a cert-ain amount of major damage of the 
nature of collapsed hou,ses, fallen chimneys and severe cracking 
of walls. There were even one or two sand vents at Benares. 

The delineation of the southern boundary of thus isoseismal is 
the result of the \'i.sit of Dr. Dunn to the Santal Parganas and Gaya 
and Hazaribagh districts. A zone of increased intensity, running 
approximately W. N. W. — E. S. E., occurs within this isoseismal, 
extending from the Santal Parganas. between Jasidih and Dumka, 
through Gaya, thence continuing towards Allahabad. Mirzapur 
and Benares, where the damage, although not quite as high as at 
Gaya, is somewhat higher than the normal for isoseismal VII. 

D 
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ISOSEISMAL VI. 

Except for Chota Nagpur, to the south of the epicentre, ami also 
Calcutta, the greater part- of the region covered by isoseismal VI 
has been estimated from the replies to questionnaires. A very 
significant feature of this isoseismal is its enormous extension to the 
west, into Rajputana, over a width of nearly 400 miles. 

Some of the features of this zone indicate the high standard of 
intensity which we have set in judging damage for delineating the 
isoseismals of this earthquake. Cracks were very common in 
buildings, not only in those of old or poor construction, but also in 
new structures of most excellent materials, particularly in such 
places as Dhanbad and Ranchi. Plaster commonly came off the 
walls, objects were thoroughly shaken and occasionally small 
ornaments and bottles fell. One of the authors, enjoying a bath 
at the time, in Dhanbad, can testify to the violence of the shook 
there. Most people ran out of doors wherever possible. 

This isoseismal includes a number of large towns, such as Agra, 
Lucknow, Cawnpore, Katni, Ranchi, Dhanbad, Asansol, Biirdwan, 
Dhubri, but the most important is Calcutta which we have included 
at the southern edge of the area enclosed by it. 

Perhaps the first note concerning the earthquake was written 
by Dr. Coulson, of the Geological Survey, in Calcutta a few minutes 
after it occurred. He remarked that the shock took place at about 
2*40 p. m. Calcutta time, and lasted for about five minutes. Most 
of those who were in the Geological Surv^ey building ruslied out 
of doors and stood by the Jake. He jioticed that the lake water 
was in considerable movement, lapping the northern edge. TIk' 
shock was sufficient to shake doors of almirahs and paj>ers tn\ his 
desk. The fans and hanging lights commemed swinging from north 
to south (maximum double amplitude iibout 18>22 imhes) an<l weni 
still swinging at 3*00 ]). m. Minor cracks were developed in the 
building, particularly along old fractures. 

Cracks were developed in quite a number of buildings in C/alcutta, 
but few were serious. At St. Paul’s Cathedral the cracks below the 
steeple (a very old structure) so weakened the structure that it 
later became necessary to demolish the steeple and tower and to 
reconstruct that part of the Cathedral. 

Movement in Calcutta appears to have been considerable ; an 
observer at the top of Tower House, the tallest building in Calcutta, 
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looking down vertically to the pavement below, noted that the top 
of the building appeared to i)e describing a kidney-shaped figure 
with a diameter of 30 inches. On the other hand the then Director 
of the Geological Survey, sitting in his room at the south end of 
the second floor, was quite unaware of any earthquake. 


ISOSEISMAL V A?^D LOWER. 

All the lower isoseismala were drawn from the information 

supplied in the replies to questionnaires. The position of isoseis- 
mal V was very definite and entailed little discussion as to its delinea- 
tion ; outside of its limits there was a decidedly rapid diminution 
in the proportion of people by whom the shock was felt. In the 
Preliminary Report, written in 1934, isoseismals IV, III and II 
were grouped together, but Mr. A. M. N. Ghosh, whilst abstracting 
the replies to (jue.stionnaires, has since been able to separate IV 
from III aiivi II. Isoseismals III and II were grouped together 

as the information supplied in the replies to questionnaires was 

insuflicient and too inconsist<mt to admit of separating them. 

There is diffieulty in determining the boundary of the area over 
whi<*h the shock was felt. Thus, a fairly consistent line runs from 
just south of Bombay to just .south of Ongole, south of which almost 
all the replies to the (luestionnaire report that no shock was felt 
(Satara. Sliolapur, Kurnool, Nellore). Yet, tlie sliock was felt 
very slightly by two people near Madras and by two others at 
Dlmrwar. W(‘ have drawn isoseismal bne 1 1 to separate the area 
over whieh the shook was felt in general from that over which the 
great majority of people failed to notice a shock. The estimated 
area of 1,900,000 square miles, over which the sliock was felt iu 

general, is that enclo.se(l by iso.‘<eismal II. 

There arc three unusual fciiture^i to which attention must be 
drawn. North-west of Gauhati there is an ar(*a in the Brahma- 
putra valley in which the intensity was IV, definitely lower than 
that of (‘ountry on nil sides. Around Guttack on tlie Mahaiuidi 
d(*lta there is a small area, isolated in isoseismal IV, in which the 
intensity was severe even for V and approached the severity of VI. 
Similarly, on the Godavari-Kistna delta, there is a local area of 
intensity IV isolated within isoseismal II-III. 

d2 
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Other shocks. 

A shock was reported as having been felt at about the same time 
as the main earthquake in the south-western coastal region of Penin- 
sular India, including South Kanara, Coorg and Travancore. As 
a somewhat similar sympathetic shock occurred at Madura in South 
India about six minutes after the Sriniangal (Bengal) earthquake 
of 8th July 1918, some credence was at first given to the reports 
from South India following the shock of the 15th January. Closer 
enquiry throws considerable doubt on the reports. It was only 
after knowledge of the shock in the north became public that a few 
people in Cochin remarked that they had felt a momentary giddi- 
ness at 2-15 p.m. on the 15th of January. The impression was 
also heightened by the fact that there was an unusual swell on at 
the time outside the harbour. The Harbour Engineer-iii-chief 
reported that certain buildings on reclaimed land had subsided 
|-inch as a result of the earthquake, but as the measurements were 
not taken until some time later it is doubtful whether they were 
related to any presumed shock. There is, however, the possibility 
that the recent sediments, along this part of the west coast, gave 
rise to a local increase in intensity in a similar manner to the local 
increases at the mouths of the Mahanadi and Godavari rivers. 

Keports submitted more than two months later from South 
India described a shock occurring in the early morning between 
2*80 and 2*40 on a date variously reported as from the 11th to 
16th, but according to the majority on the 12th. This shock 
certainly cannot be described as a “ sympathetic shock ” to the 
Bihar earthquake. Most people were asleep and the shock was 
reported as lasting from one to 30 seconds. 

A shock was reported from near Moulmein in Amherst, Burma, 
at a distance of 250 miles south-east of the limits at which the main 
earthquake was felt. The well-populated area around Rangoon 
and Pegu, in which no shock was felt, intervened between Moulmein 
and the limit of the main earthquake, and the evidence of the local 
shock is doubtful. 



CHAPTER III. 


EARTHQUAKE EFFECTS* 

(J. A. Dunk, J. B. Auden and A. M. N. Ghosh.) 

Sounds. 

Much has been written on earthquake sounds and their varia- 
tion from place to place ; they are alwaya close to the lower limit 
of audition. Any vibrating body will give out sound waves provid- 
ing the frequency is within the range of audition, and the pitch will 
vary with the frequency. Practically all observers agree that the 
Bihar earthquake was preceded and accompanied by sound, various- 
ly described as comparable with the noise of “ several aeroplanes 
“ a heavy motor lorry an approaching goods train ”, ‘‘ a pass- 
ing motor car ”, or “ a train passing through a tunnel In the 
central region several observers recorded that the sound appeared 
to emanate from the ground beneath their feet. One of the authors, 
who w’as having a bath in a bungalow situated within isoseismal 
VI, thought at first that the noise was due to a sudden sharp wind- 
storm. The sound was loudest within isoseismals VIII to X, 

and masked the noise caused by the collapse of buildings, the rattling 
of doors, windows, furniture, etc. The sound was recorded from 
places as far away as isoseismal V. During some of the after- 
shocks similar sounds were heard locally. 

Difficulty has sometimes been expressed in explanation of the 
fact that shoc'ks are often said to be heard before they are felt, as 
seismic waves are faster than sound waves. However the sounds 
emitted are independent of the speed of the seismic waves, but are 
indirectly dependent upon the frequency of those waves. The 

freqtiettcy of a vibration determines whether or not it is audible ; 
the amplitude of a seismic wave determines whether or not it is felt. 
A low amplitude wave may not be felt, but its frequency may be 
such that the sound wave emitted may be audible. Still, the rela- 
tion between the seismic vibrations and the pitch of the sound 

waves cannot be a simple one. During the transmission of seismic 
waves, rock particles are moving rapidly against each other and the 
seooiidary vibrations so set up may give rise to sound waves. 

( 27 ) 
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Sounds have also been recorded as arriving several minutes 
subsequent to earthquake shocks. These are usually of the nature 
of heavy reverberations and come from a definite direction, usually 
that of the epicentre. Hayes (1929) points out that they are 
atmospheric disturbances produced by crustal movement at the 
epicentre and travel with the speed of sound but take a long path 
through the upper atmosphere. Sounds of this nature were not 
heard idter the Bihar shock ; even if they had occurred it is doubtful 
whether they would have been noticed in the excitement following 
the shock. 

It is interesting to note that in the area north of the Ganges 
there was a general consensus of opinion that the sound passed 
from a north-westerly to a south-easterly direction. It is now 
difficult to judge whether or not this consistently described direc- 
tion was a psychological effect arising from the early acceptance of 
the epicentre as being in the Himalayan foothills. It is difficult 
to reconcile the direction with the speed of transference of shear 
waves, and, so far as we can judge, the sound was heard more or 
less simultaneously over the whole area and cannot accordingly 
have originated from a point. One suspects that the consistently 
reported direction of movement of the sound may also be psycho- 
logically connected roughly with the felt direction of movement. 


Ground movements. 

Ground movements during the shock naturally reached their 
maximum within the central tract. It has not been possible to 
obtain any consistent description of these movements, but the 
brief emotional minutes of an earthquake crisis are scarcely con- 
ducive to sustained exact observation. Certain facts do stand 
out, however, the i)rincipal amongst which being that both hori- 
zontal and vertical movements were experienced and the movements 
at any one place varied at different stages during the progress of the 
shock : for a time the main movement may have been east- west, 
then it changed to north-south, and again to vertical ; many people 
felt also a circular movement both clockwise and anti -clockwise. 
Some observers recorded a distinct pause or diminution in intensity 
between the change in direction of the movement ; indeed, the 
great majority of observers remarked that the main damage was 
done immediately after one such lull in intensity. Occasional 
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observers remarked that the shock reached its fall intensity almost 
at the commencement and continued without pause until the end, 
but easily the greatest number of people noted that the maximum 
intensity was not reached for some time. 

In the central tract few people could stand unsupported, and 
even in towns as far distant as Gaya and Ihmika many had to sit 
on the ground. One of the keenest observ^ers, a police official who 
was sitting calmly on the ground outside his bungalow at Motihari, 
recorded three distinct thuds directed upwards. 

On the whole the majority of observers appear to have noted an 
approximately east-west trend for the principal destructive move- 
ments, except in the cpicentral region, and this alignment is con- 
sistent with the general (although by no means invariable) direc- 
tion of the fall of such objects as were free to collapse in any direc- 
tion. This east-west movement was noticed by the swing of 
objects even as far south as Ganjam district, south of the Mahanadi 
river, in Madras Presidency. Within isoseismal X the fall of 
objects was consistently north and south. 

Large surface undulations were actually seen by many people, 
and their occurrence in an earthquake of this magnitude must be 
accepted as authentic. They were seen as far away as Asansol, 
in isoseismal VI some 250 nnles from the epicentral tract, by a 
group of colliery managers who described them as moving over the 
alluvium from west to east, perhaps 12 feet from crest to crest and 
6 inches in height from trough to crest. An observer at Muzafiar- 
pur, close to the epicentral tract, considered the crest to crest 
distance to be 6 feet and the amplitude about 6 inches. Others 
have stated that buildings seemed to be tilted backwards and 
forwards on the crests of much larger undulations. The west 
compound wall of the Belsund Sugar Factory at Riga, aligned north- 
south, remained in wave form with two crests and a trough ; the 
crest distance was 240 feet and the total vertical displacement one 
foot. A north-south watercourse at the Sugar Cane Research 
Station at Mushari also remained in the form of waves whose crest 
to crest distance varied, one measuring 240 feet. These two 
observations were taken in localities where ground subsidence was 
considerable, and it is possible tliat, although the vaves :^ele 
noticeu only along stiuctuies with a north-south alignment in 
localities where the fall of objects im’ependently suggested north- 
south movements, they si ould be regarded as due to subsidence 
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and not as examples of “ froien undulations The concrete floor 
of the civil court at Motihari was broken up by close fractures in 
just such a manner as might be expected by the passing of 
surface undulations. 

Notwithstanding that many seismologists are disinclined to 
believe in the existence of such undulations, the authors of this 
memoir have no difficulty in accepting them as an established 
accompaniment of earthquakes of this magnitude, even although 
the dimensions given by observers may be exaggerated. These 
slow moving undulations must not be confused with the waves of 
high acceleration which cause the overturning of pillars, etc. The 
undulations do not, of course, radiate from the epicentral region, 
but are generated locally, apparently usually in alluvium, as a 
surface effect of the earthquake waves proper ; they travel slowly, 
perhaps 10 to 12 miles per hour, and individual undulations rapidly 
die out. 

Several observers have described the manner in which trees 
and telegraph poles were shaken ; many of the latter came down, 
but surprisingly few trees were uprooted. Palm trees, being supple, 
whipped about like canes. 

Collapse of buildings. 

The worst effect of an earthquake, apart from loss of life, is 
the collapse of buildings. There is, curiously enough, little informa- 
tion on the manner in which such collapse took place. In some 
instances this collapse appears to have been piecemeal, but in many 
cases the whole building crashed instantaneously. One resident of 
Monghyr was sitting outside a ‘ bungalow and watc'hed the cracks 
form in the wall just like forked lightning'*, the cracks opened 
and closed during the remainder of the movement as if opposite 
comers of the building were being alternately raised and lowered— 
the passing of surface undulations just described would have some 
such effect. Cracks which developed in concrete floors also appear 
to have opened and closed in the same way. Frequently the cracks 
in both walls and floors remained gaping. 

As a general rule the oldest buildings were the most severely 
damaged, and usually collapsed in the central area. The oldest 
buildings in North Bihar were constructed with mud mortar and 
there was little to bind the bricks together. Still, quite a con- 
siderable percentage of the better type of buildings did not escape 
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damage, many being destroyed. One of the finest buildings in 
this part of Bihat was the Pusa Agricultural Institute, a large well- 
built structure of stone and brick ; this was traversed from end to 
end and from roof to foundation by great gaping fractures which 
rendered the building completely useless. 

Buildings were destroyed in either of two ways : by actual 
shaking down under the action of earthquake waves ; by sub- 
sidence and spreading or tilting of the foundation. Collapse due to 
actual shaking was for the most part amongst older and badly 
constructed buildings. Destruction by subsidence of the founda- 
tions, so typical of the “ slump belt ”, affected every type of heavy 
structure, including those built of the best material. 

Monuments were overturned or rotated. Brick arched bridges 
collapsed, steel girder bridges were destroyed by the piers either 
overturning or the girders falling. Pile bridges moved irregularly 
up and down, although most piles seemed to work upwards as the 
result of the shock ; some even moved laterally downstream ; in 
other cases the piles were bent over at right angles as a result of 
being pushed from either bank. The advantage of screw-pile 
bridges is that although they may be contorted they are frequently 
negotiable by traffic after an earthquake. 


Damage to railway. 

The greater part of the railway system in North Bihar was 
severely damaged. Some extracts from a report by Mr. J. William- 
son, Agent to the Bengal and North-W^estern Railway, give a clear 
view of this damage. Fig. 1 shows the lines affected. 

“ Of the 2,100 miles comprising the Bengal and North Western and Tirhut 
System, it may be said that on 900 miles traversing North Bihar and the eastern 
United Provinces hardly a mile of track was undisturbed ; embankments settled and 
even disappeared entirely, the rails remaining suspended, elsewhere they were 
raised or shifted many feet laterally. The permanent way, even where least dis- 
torted, may be likened to a construction line cm a new high bank which has passed 
through a heavy monsoon without attention. So severe is the distortion in places 
that a trolly could not be safely taken round kinks. Not a bridge remains un- 
damaged from minor cracks in arches, wing walls £knd abutments, displaced piers 
and girders, to complete destruction. Training works and guide- banks of large 
bridges have been cracked and shaken ...... 

Deeply founded piers and wells ai large Inridges have been moved many inches 
either longitudinally to the bridge or laterally.*’ 
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Fissures* 

North of the Ganges the formation of fissures in the ground 
was very T^idespread over certain zones. South of the river, such 
fissures occurred at only three isolated localities. 

The fissures were found generally to follow pronounced surface 
features, such as river banks, lakes, tanks, ditches, road and railway 
embankments, when these were present. Commonly there were 
formed concentric circular fissures around heavy buildings. In 
fiat country, devoid of features, the fissures rarely showed any 
constancy in direction ; more generally they occurred as an irregular 
network. 

Sometimes the fissures were arranged as a series of step faults, 
others resembled trough faults where the ground sank between two 
parallel fissures. In some the walls of the fissures were closed, in 
others they were wide apart but infilled with sand and frequently 
this sand was not up to ground level. The maximum width of any 
such fissures was about 27 feet, but the majority were less than 
12 inches. The length of the fissures varied greatly ; one at Pusa 
was 700 yards in length ; more usually they were lessthan 100 yards. 
There is no reliable information as to the depth of individual fissures. 
It is doubtful if any extended as open fissures for more than 40 to 
50 feet in depth for a period of more than a few seconds, as they 
were almost immediately filled with sand. Although it is unlikely 
that individual fissures extended to any considerable depth, it is 
quite probable that tliroughout the whole depth of this alluvium a 
series of dislocations or faults took place as a result of unequal 
movement of the unconsolidated beds. 


Emission of sand and water. 

Sand and water were copiously discharged from many fissures, 
and also from individual vents, and they provided one of the most 
remarkable features of the earthquake. Such a phenomenon is, 
of course, common enough in earthquakes over alluvial country, 
but it may be doubted if any earthquakes in historical times, except 
those of New Madrid (U. S. A.) in 1811 and 1812, have equalled 
that of Bihar in the extent of this phenomenon. 

It is well to point out that an exaggerated impression of the 
degree of sanding is obtained by casual eye inspection. Sand 
vents in a field are more conspicuouB than the parts of a field bare 



ilARTfiQtJAto EFFECTS. 


33 


of sand and deceive the eye as to their true areal importance. 
Actual measurements carried out in two fields which appeared 

considerably affected by sand, in h region of the Nepal terai near 
Koilpur (26° 41' : 86° 17'), gave the following results : — 

Field 40 yardfl square . . . . . .10 vents. 

Field 120 by 90 yards ...... 34 vents. 

Taking the average radius of a sand vent and cone in that region 
to be 2 feet, tlicse fields show respectively 1*4 per cent, and 
0-4 per cent, sanding. 

Sanding reached its maximum within and close to the “ slump 
belt ” which has an area of 4,700 square miles (12,200 square kilo- 
metres), but scattered affected areas were found within a region of 
18,000 square miles (46,600 square kilometres) forming part of 

isoseismal VIII and higher isoseismals. The extent of this sanding 
was popularly much exaggerated during the first few weeks follow- 
ing the catastrophe. Mr, W. D. Brett (1935, pp. 36-37) supplies 
figures of the sanded area. Within an area of 4.137 square miles 
only 15 per cent, or 616 square miles was found to be affected. Of 
this, 7 per cent, contained deposits of sand less than (> inches deep, 
52 per cent, was below one foot, 37 per cent, or 227 square miles 
contained sand over one foot deep, and 4 per cent, or 24 square 

miles had deposits of over 2 feet deep. The strong April-May 

winds canied off and distributed much of the sand and the succeed- 
ing monsoon rains continued this work, so that only a very small 
fraction of the sanded area was permanently affected, and much 
oven of this land proved to have been made actually more fertile. 
The early view of the Geological Survey that the actual damage 
due to sanding would be almost negligible has been justified. 

It seems to have been a general experience that the uprise of 
sand and water took place towards the end of the main shock, or 
after the main shock had subsided, sometimes as much as several 
minutes later. One observer at Sagauli noticed that it began at 
14*20 Lours and continued for about 3 hours. Mr. A. Macdonald 
of the Ryam Sugar Company, Darbhanga, stated that fully six or 
seven minutes elapsed before ejection of water and sand com- 
nienced. Wells continued overflowing there for one and a half 
hour. Similar delay in the emission of sand and water was noted 
in the Assam earthquake and quoted by R. D. Oldham (1899, 
pp. 26-26). 
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Oooagional observers have stated that the water which spouted 
upwards in the form of geysers reached a height of 30 feet, but it 
is difficult to credit this figure. The majority of reliable observers 
give the maximum as 6 to 8 feet, the height gradually diminishing. 
Most fountains were much less than this maximum and a large 
amount of water merely flowed gently from fissures. One of the 
most vivid and accurate accounts of the phenomenon was from 
the pen of Mr. H. C. Gordon, General Manager of the Sursand Raj. 

He wrote ‘ As the rocking ceased water spouts, hundreds 

of them throwing up water and sand, were to be observed on the whole face of the 
country, the sand forming miniature volcanoes, whilst the water spouted out of 
the craters, some of the spouts were quite 6 feet high. In a few minutes — as far 
as the eye could see — was vast expanse of sand and water, water and sand. The 
road spouted water, and wide openings were to be seen across it ahead of me, then 
under me, and my car sank, while the water and sand bubbled and spat, and sucked, 
till my axles were covered. “ Abandon ship ” was quickly obeyed, and my man 
and I stepped into knee deep hot water and sand and made for shore. It w'as a 
surprisingly cold afternoon and to step into such temjierature was surprising \ 

Lines of sand vents, like the fissures, were found generally to 
follow pronounced surface features such as river banks, lakes, 
tanks, ditches, road and railway embankments and, along the 
slump belt ”, sand came up in quantity around the plinths of 

sunken buildings. It even came up through the floors of houses 
and factories ; about 3,000 cubic feet (85 cubic meters) came up 
through one portion of the factory floor at Barachakia. Sand 
flowed into most of the weUs and in many cases overflowed from 
their tops, so that hundreds of wells were found to be completely 
infilled with sand after the earthquake. 

In places the surface was riddled with sand vents, sometimes 
so completely that small areas, perhaps up to an acre* or so in extent, 
might be compared with boiling porridge. Although the vents 
sometimes followed certain directions they were generally clustered 
together haphazardly over the area. Two types of vents were 

observed, as follows : — 

The first type simulated miniature volcanic craters, having n 
low conical ring-shaped mound with a shallow depression in the 

centre. The diameter of such vents and cones of extruded, sand 

varied from a few inches up to 20 feet. These vents were generally 
confined to low marshy ground, old river beds, borrowpits on either 
side of roads, causeways and railway embankments. In a few 
instances they were found at the bottom of large fissures. 
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The second type of sand vent was in the form of a crater- like 
hollow, with the inner walls sloping towards the centre of the large 
depression. Much sand an<l watt‘r were discharged from vents 
of this type. The two diameters of such an elliptical hlow-hole, 
at Muzaffarpur. weie found to measun* 25 feet aiul 10 feet. An- 
other at Rnjnagar was even larger. 

As might be expect(‘(l the sand \^as frefjuently sorted as it 
flowed from tlie vents, the coarser material being deposite^l close 
by ami the finer material further aw'ay from the exit. In addition 
the sand was not uniform either in general texture or in composi- 
tion throughout the area. This is in accordance with the heterogene- 
ous nature of the alluvial strata from which it was derived. The 
texture varied from very fine silt to coarse sand. The colour when 
wet was generally dark ash grey to grey, but became paler as the 
sand dried. The darker sands o\ved their colour to finely dis- 
seminated particles of carbonaceous matter and to flakes of biotite. 
North and east of Muzatfarpur a copper coloured mica was prevalent 
in the sand. In Saran district a rusty yellow sand was common. 
The absence of clay was noticeable, but to be expected, for in a series 
of beds of loose sand and clay the former is the more likely to be 
washed out with the upward rush of water. 

In a few' places, such as at Purnea and Rajaputty, spindle- 
shaped lumps of semi-compacted mud and silt were ejected. These 
were sometimes polished and striated as a result of movement 

through sand on their upw’ard journey. The largest of such lumps 

which has come to our notice w’as one foot in length and five and 
three-quarter inches in width. At Chakia in Cbamparan, pieces 
of W'ood were ejected. 

The sand is unlikely to have come from any great depth, and is 
not necessarily dependent upon the depth from which the water 
was propelled. The type of sand and silt emitted often did not 

differ from that found along present river beds. Mr. Kemp of 

Pipra, Champaran, states that the sand, locally emitted, is similar 
to that found betw een about the 40 and 50 feet levels in the deeper 
wells. Dr. K. S. Caldwell, of the Science College, Patna, suggests 
a depth of about 20 feet for the sand in the Muzaffarpur district. 
Water-bearing sands are common at about this depth below' ground 
level and it is very probably this sand, down to which the wells 
penetrated, that was forced up to fill them. From a well at Sagauli 
Sugar Factory three different types of sand emerged, presumably 
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from three different strata at varying but shallow depths below 
the well. The casings of two tube wells at Sagauli were both 
sheared off at 53 feet below ground level, making it impossible to 
sink rods after the earthquake. Evidently there was differential 
movement of the strata, and it is possible that this was accompanied 
by concomitant loss of sand from this level. 

The universality of the sand in some places, and the closeness 
of the vents, suggest no great depth for its origin, since the greater 
the depth of the channels leading up to the vents the more localised 
and separated would they probably be. Probably much of the 
sand in fissures came from beds immediately adjacent to the walls 
of the fissures. 

The topmost water-bearing sand is the horizon that would be 
most under the influence of the larger amplitude and range of vibra- 
tion exhibited by earthquake waves acting on the free surface of 
the alluvium, and hence would be the most likely to escape through 
fissures and vents. This does not prove, however, that all the sand 
or water was of shallow origin. It has just been mentioned that 
three different sands came out of one well at Sagauli. Further, 
the lumps of clay which came up with the sand at Purnea and other 
places, are so well rounded that some considerable distance of 
transport through channels is indicated. Purnea lies on a bed of 
sand some 80 feet thick, and the clay must have come from some 
depth greater than this. Water from the deepest affected strata 
at any one place will carry with it sand from the various ov(‘r- 
lying water-bearing sands through which it is forced. 

It may be pointed out that in sinking mota or cavity wells in 
alluvial ground, water-bearing sands, when first encountered, arc 
often forced up from below in sufficient quantities to fill the well 
(Lacey, 1926, p. 139). Such mota wells require an impermeable 
stratum of clay above the water-bearing sand. Under normal 
conditions, therefore, in alluvial country, there may often be a 
considerable head of pressure to the water in alluvial sands. An 
earthquake causes the fissuiing of the overlying beds and the com- 
pression of the water-bearing sands, which may in places have 
already been imder hydrostatic pressure. 

Dr. Coggin Brown, in a letter to Nature (1934, p. 295), states, 
following Oldham, that the requisite condition for the emission of 
sand and water is a bed of impermeable clay. The inertia of this 
is believed to cause a compression of the watery sub-stratum and 
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the expulsion of the water and sand through cracks formed simul- 
taneously above. This does not seem a complete explanation, 
since sand vents were noticed in Bihar in regions where clay is 
absent, particularly, for example, in Purnea district. Often, 
indeed, a thick bed of clay seemed to form an impermeable cap to 
the sand, preventing its emission, probably because it was tenacious 
enough not to fissure and afford avenues of escape. 

The fact that sand and water frequently came up after the shock 
had subsided suggests that the inertia of the overlying stratum is 
not the main cause of the compression, since differences in inertia 
would cease to be of importance once the ground movements caused 
by the shock had ceased. It is possible that water, already under 
hydrostatic pressure under natural conditions, rose upwards as a 
result of the breaching of the overlying strata, and continued to 
flow until the pressure was relieved. 

The shallow depth of most of the sand is suggested by the 
arguments given above. The water, on the other hand, probably 
came both from the higher water-bearing sands and from lower 
down. Compression caused by earthquake waves was probably res- 
ponsible for the relatively rapid emission of sand and water from 
higher horizons, while the water which continued to flow for some 
time afterwards may have oorae from lower depths where long- 
standing hydrostatic pressure took some time to be relieved. 

The greatest depth from which the water was derived is not, 
of course, known. The fact that the water was frequently 

reported to have been hot is some indication that it may have 
come from a fair depth. In the field we discounted at once 

most stories regarding the temperature of the water, as heiT\g an 

attempt to attribute unique properties to what was thought to be a 
unique phenomenon. Thus, at Mushari the water was said to be 
so hot that it withered the local cane. Mr. K. L. Khanna, 

Sugar Cane Research Specialist, who was at Mushari at the time 
of the earthquake, stated that the temperature of the water wjts in 
reality about 21°C (70®F). It was more difficult, however, to 
discount the evidence of reliable people who stated that in places 
the water was hot. Mr. Dobson, of Belsund, was positive that tlie 
temperature of the water coming up in his compound was that of a 
hot bath, say i3®C (110°F), a figure which, notwithstanding its 
source, must be accepted with reservation as probably exaggerated. 
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It is of interest to compare the Bihar-Nepal earthquake with 
the New Madrid earthquake of 1811 and 1812 (Fuller, 1912). New 
Madrid lies in the Mississippi valley at Lat. 36° 35'N : Long. 89*° 
32'W. The river meanders over an alluvial plain which is 60 miles 
in width, and is flanked on the north-west side by an upland of 
old Paleeozoic rocks and on the south-east side by a young Tertiary 
plateau. All the phenomena so noticeable in the Bihar-Nepal 
earthquake occurred also along the Mississippi valley. Clear signs 
of sanding are still preserved over an area of 1,400 square miles 
along the alluvial plain west of the Mississippi but, from historical 
records, it is apparent that a much more extensive area was formerly 
covered by sand. Whole districts in the neighbourhood of New 
Madrid were so affected as to be rendered temporarily uninhabit- 
able. The sand occurred in the form of sand blows, corresponding 
to the sand vents of our account, sand shughs^ or linear depres- 
sions, and sand scaUers or thin surface coverings of sand. 


Slump Belt 

Along a belt of country in North Bihar, enclosed by isoseismal 
IX, and including the epicentral tract bounded by isoseismal X, 
there is found to be an intensification of those effects of earthquakes 
generally manifest in alluvial ground. 

This belt was termed the slump belt by Dr. Dunn and was meant 
to indicate the area in which tilting of houses and subsidence of 
ground were more marked. It encloses an area of 4,700 s(]uare 
miles or 12,200 square kilometres in Bihar. It extends for about 
190 miles in a W. N. W. — E. S. E. direction, enclosing wide areas in 
the Champaran district on the west through Muzaffarpur and Dar- 
bhanga district, to as far as Pumea on the east, where it narrows 
down considerably. On the north it includes, by inference, portions 
of the Nepal terai. 

The chief criterion adopted in the demarcation of this belt was 
the behaviour of buildings and other structures. These tilted and 
slumped bodily into the alluvium, but seldom tumbled brick from 
brick. Sinking was often differential, in proportion to the relative 
pressures of the parts of the buildings per unit areas. 

Subsidence of road causeways and railway embankments was 
mariced, in some cases embankments originally 6 feet high sank 



BABTHQUAKB BFFBCTTS* 


39 


down level with the surrounding country. Tanks, lakes, borrow 
pits and other depressions became noticeably shallower as a result 
of uplift of their bottoms — the tendency on the whole was for eleva- 
tions and depressions to approach a common level. Fissuring and 
emission of sand and water reached their maximum development 
along this belt. The effects of slumping were on the whole more 
marked along lowlands, marshes and near the edges of rivers, lakes 
and tanks, but were not confined to such localities. 

The damage to buildings along this belt is in contrast to that 
of the area between Muxaffarpur and Darbhanga, where houses 
were razed to the ground. The fact that both these belts stretch 
so far in an E. S. E. — W. N, W. direction, crossing rivers and inter- 
vening higher land, suggests that their distribution is not primarily 
associated with the height of the ground water level, for it is impro- 
bable that the water table is a uniform height below surface both 
near the rivers and along the intervening higher land. The explana- 
tion of the difference in the type of damage between these two belts 
is probably to be sought in their disposition relative to the focal 
region of propagation of the earthquake. The epicentral tract 
and the slump belt, lying vertically above the focal region, received 
vertical shocks rather than oblique. Muzaffarpur and Darbhanga, 
on the otlier hand, being further removed from the focal region, 
received an oblique shock, and suffered less slumping but greater 
shattering. 

Mention was made in the preceding section of the extrusion of 
sand a.s a result of the New Madrid earthquakes. These earth- 
quakes are of interest also in affording indisputable evidence 
of vertical movements. Areas of sunk lands are still preserved 
along the alluvial deposits we^t of the Mississippi valley, over 
a total extent of about 1,000 square miles. The maximm 
depression was about 20 feet. Extensive river swamps and lakes 
developed, and forests were flooded with the result that trees were 
drowned and stand now, over 100 years after the shock, as dead 
stumps above water level. The land was locally warped upwards 
between the sunk lands, both depressions and elevations being 
attributed by Myron Fuller to the same cause. He states (1912, 
p. 74) 

“ The Bunk lands may be divided for convenience into local and general areas. 
The former, commonly known as sloughs, ore nearly always associated with ex- 
trusion of sand and may have resulted from \mdennining incident on the ejection 
of the quicksand beneath the upper alluvial beds or from the contraction of this 

B 
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Band oaoBed by its agitation and readjustment by the earthquake vibrations and 
the loss of its water. The more extensive sunk lands, however, especially when 
taken ooUeotively, seem to require a more potent cause, there being far too little 
extruded matter to account for the depressions. This cause is presumably allied 
to those producing doming. ... In brief, the sunk lands probably resulted from 
a warping and lateral movement incident to a subsidenoe in the floor of the basin, 
approximately along the line of the faulting that gave rise to the earthquake.*’ 


Changes of level in North Bihar. 

Prior to the earthquake evidence had accumulated which 
suggested that a secular rise had been taking place in parts of Bengal 
and in North Bihar relative to Calcutta of as much as 0-50 foot per 
year. A map showing contours of this inferred secular rise was 
published by Dr. de Graaff Hunter in Nature (1934, p. 236). It 
had long been known that an area of underload occurs in North 
Bengal and North Bihar, and Dr. Hunter suggested that the land 
had been rising over the region of underload, the rate of rise increasing 
as the centre of the region of underload was approached. He also 
considered that the earthquake had caused a further and sudden 
rise of land. Both the postulated secular rise and the assumed rise 
as a consequence of the earthquake were thought to represent 
a tendency of the crust to reach isostatic equilibrium. 

Dr. Hunter’s note in Nature was published on February 17th, 
1934, and was evidently written immediately after the earthquake, 
before many details were available. In actuality, the land has 
sunk rather than risen, and Major Bomford, R. E., has been led, as 
a result of a full examination of the levelling records, to abandon 
the hypothesis of a secular rise of the alluvium. There remains 
now a series of level differences which is inexplicable in view of the 
high precision of the levelling operations. 

Shortly after the earthquake, the Survey of India undertook 
the relevelling of two lines in North Bihar : — Bagaha-Motihari- 
Muaaffarpur-Darbhanga-Pumea, and Bagaha-Raxual-Sitamarhi-Dar- 
bhanga. The results of these surveys are published in the Geo- 
detic Reports for 1934 (p. 24), 1935 (p. 11) and 1936 (p. 93). It was 
assumed that the level of Bagaha was unaffected by the earthquake, 
the differences in level elsewhere being deduced from this unchanged 
level This assumption is certainly reasonable. The fading in 
intensity of the shock from Bettiah to Bagaha is very rapid ; more rapid 
probably than along anjy other section aoroM the isoseisn^^ls^ 
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Bagaha, though only 32 miles from Bettiah and 93 miles from Sita- 
rnarhi, comes within isoseismal VI, and is less damaged than Allaha- 
bad, which is in isoseismal VII and is 235 miles from Sitamarhi. 
The completion in 1936 of a line from Bagaha, through Benares, 
Allahabad, Cawnpore and Jhansi to Sironj in Central India indicates 
that this assumption is correct and that for the 70 years previous 
to 1936 the level of Bagaha has remained unchanged. 

An examination in 1934 of the changes in level resulting from 
tlie earthquake led us in our Preliminary Report to mark two con- 
tours on one of our isoseismal maps, which were designated ‘ Appro- 
ximate lines of equal apparent bench mark subsidence determined 
by re-levelling operations of the Survey of India (Auden and 
Ghosh, 1934, p. 204 and Plate 20.) These contours have now been 
deleted, because a final examination of the levelling records by 
Major Bomford indicates the uncertainties which are present in 
their interpretation. In the Geodetic Report for 1934, p. 25, it 
is stated : — 

* The changes in the old lines are shown in Table 4. The revised figures there 
given are based on Bagaha, but no other old bench marks are accepted as unchanged. 
The circuit Bagaha-Motihari-Darbhanga-Sitamarhi-Bagaha had a cloeing error 
of +0*696 feet, which has been adjusted. The table shows a sinkage of feet 
at Puraoa, which so far as the accuracy of the levelling goes should not be error, 
but which may be due to the earthquake or to a slow rise at Bagaha during the 
60 years since the old line was levelled. Elsewhere bench marks show sinkages 
of up to 41 feet, and it is noteworthy that there are only four cases of elevation, 
of which the largest is 0 029 feet. The largest sinkages occurred on structures 
which had presumably sunk into the ground, and the embedded bench marks 
generally show smaller changes, although one case of 2 ‘7 feet occurs. Although 
they are never actually in contact with heavy structures, embedded bench marks 
are generally in towns, which are areas of accumulation and so Hable to local 
sinkage if imderlaid by running sand. Consequently even the embedded bench 
marks do not provide positive evidence that the country as a whole has sunk, 
although it seems very possible that it has.’ 

These results are unsatisfactory because of the uncertainty 
involved in estimating whether or not the bench marks had 
slumped into the ground. It should be remarked, however, that level 
differences of up to 4*3 feet were recorded in the neighbourhood of 
Darbhanga, a place which lies outside our slump belt and on a 
bed of clay nearly 80 feet in thickness. 

In later Geodetic Reports, the sinkage is considered to be less, 
for Pumea is regarded as having dropped by only 0*50 foot, and the 
Venoh n^rks between Purnea and Darbhanga by about one foot. 

|b2 
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Major Bomford concludes that there is no general tendency of level 
changes of any significance, and considers that, in view of the 
closing error of IJ feet between Darbhanga and Dinajpur, the 
apparent sinking at Purnea may not be real (1937, p. 94). This 
conclusion does not vitiate the reality of the slump belt ; indeed, 
the slumping of some of the bench marks is a further indication 
of the generality of slumping phenomena between Motihari and 
Pumea. In so far, however, as many of the bench marks which 
show a drop of level were not considered by the surveyors actually 
to have sunk into the ground, it seems definite that between Bagaha 
and Pumea there has been a real, it‘ slight, depression of the land 
surface, a depression wliich overlaps but does not coincide exactly 
with the area demarcated as tlie Slump Belt. The land has no- 
where been elevated more than a fraction of an inch, an amount far 
smaller than the closing errors of the surveys. It is precisely 
in those places, such as between Bagaha and Bettiah and at 
Darbhanga, where slumping was not observed during the geologi- 
cal survey, but where bench marks have sunk, that the evidence 
for a general slight depression of the land surface may be 
considered to be strongest. 


Effects on rivers. 

Mr. Mansfield, Collector of Bhagalpur, who was on tour close 
to the bank of the Balan river, a south flowing stream on the border 
of Darbhanga and Bhagalpur districts, during the ('arthquake, 
quotes evidence in his report that immediately prior to the shock 
the river suddenly became dry across its whole width for a short 
time. This locality was along the line of the epicentre and the 
evidence, which is reliable, suggests that there w^as a temporary 
uplift of the river bed at the commencement of the shock, followed 
by subsidence back to normal during the shock. 

Sir J. Williamson, Agent of the Bengal and North-Western 
Railway remarks : — 

* River banka were further lashed by huge waves ; a planter who happened to 
be standing on the banks of the Bur Gandak at Muzaffarpur says that the river 
was agitated into waves rising to the top of the banka some 1C feet in height. The 
agitation of the Gogra at the Inchcape Bridgo and Turtipar as described by our rail- 
way men was such that the whole river washed from side to side to a great height ; 
this is corroborated by the rutted and broken down sand banks and diara lands \ 
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He gives also tho account of an eye witness : — 

‘ The scene on the river was frightful. Opposite where I stowl, there had 
been an island of sand in the middle of tho stream, with a narrow passage of water 
on the near side and a broader stream on which steamers plied on the far side. The 
island has become joined to the mainland. On what has l)een the bro;id passage, 
several boats and a river steamer were stranded. Their occupants rocked to and fro 
as tho sand beneath thorn vibrated. On what ha<l been the narrow passage a number 
of bathers wore left half sucked into the sand by the force of the receding water. 
They struggled to get free and eScajic. For the space of several minutes (I esti- 
mate that the shock lasted for five minutes) the river bed remained dry. As sud- 
denly as it had vanished before my eyes, the Gangers appeared again, but this time 
it B}Kmt©d up from the sand with considerable force. Great cracks and fissures, 
some as long as fifty f(H3t anti several feet wide, appeared at irregular distances and 
from them columns of water 8lu)t up to tho height of a man with loud bursting noises. 
Tho largest fissure appeared where the bland had been and jis the water poured 
from it, HO the sand was thrown aside and swept away. In a ^few seconds, the 
level of the river had risen ac.iin and it spre.vl from l>i.nk to bank. The Ganges 
had rosumt'd its interrupted flow and its waters swept on as if nothing had ever 
happened. Every boat was capsized an I it was only by a miracle that no lives 
were lost in my prosonco ’. 

It is possible that this appoaruiice of the Gaug<M ruLiiiiiif? dry 
was mendy duo to tlic water recoding toinporarily from ouc bank 
and piling up oti tlic other, a phonoruonon which was observed at 
several place.s along the Ganges, the Goghra anl the Bur Gatidak, 
and ro.sulted pr6.sumai)ly from wave action. At Liickoc S.Tai one 
oliserver remarked that the water recede I from midstream and 
sand gushed upward from the c.Kpo.>ed river bed. 

Ill conformity with the general rise in ground water level through- 
out Bihar as a result of th3 earthquake, the water level rose in 

many rivers throughout North Bihar and continue 1 to be 

high for some time after the earthquake. This was (‘sp?cially 
noticed in the Balan river north of Teghra, wIktc the level of the 
water was found to be three or four feet above tlic normal Innght 
for February. A certain amount of silting of the stream beds, 
as around Sitaraarhi and Raxaul particularly, and the widespread 

closing in of the river banks with consequent restriction of tlie cross 
section of the streams may have partly, but not entirely, accounted 
for this general rise of river level. It was tins closing in of the river 
banks which was largely responsible for the widespread destruc- 

tion of bridges. No bridge can withstand tho bodily shifting of 
the piers and abutments. 

Captain L. E. Whitehead, Pilot Superintendent of the Lower 
Ganges section of the Indian General Navigation and Railway 
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Company, stated that the water in the Ganges was two feet six 
inches deeper over five shoals between Colgong and Goalundo 
after the earthquake. These shoals, which occasioned difficulty 
in navigation before the earthquake became easily negotiable. This 
decrease in the height of shoals is probably in conformity with the 
general tendency during the earthquake for the surface contours 
(which will include river beds) to shake down to a general level, 
filling in immediately adjacent depressions, a tendency which 
would be much more apparent in easily running river sands. 

Himalaya . — There is little information about changes of level 
in the Himalayan rivers. Mr. Campbell Martin, of Bagaha, noticed 
that the Gandak river rose at Tribeni Ghat about five feet between 
17*30 and 18*00 hours on the 15th January. At Bagaha the rise 
was recorded between 22*00 and 23*00 hours. Villagers in Nepal 
along the Trisuli Ganga (a tributary of the Gandak) did not notice 
anything extraordinary. Again, lower, down the Gandak, in Bihar, 
no such rise was observed. Allowing for a decrease in the rise down 
the river, it is nevertheless improbable that one of five feet at Tri- 
beni Ghat would not be accompanied by some effect lower down 
towards the Ganges. Either the observation of five feet at Tribeni 
Ghat was exaggerated, or the rise that may have occurred lower 
down the Gandak was not noticed owing to its having occurred 
during the night. 

No difference in level was noticed in the Tawa Khola below 
Udaipur Garhi. 

At Mulghat (26°56' : 87°20'), on the Taraur river, a rise of about 
two feet was stated to have occurred, the water remaining at an 
abnormal level for two days. A small nala flowing into the Arun river 
one mile south of Legua Ghat (27°08' : 87°1C') flooded strongly 
just after the earthquake. 

Permanent changes in drainage. 

The rivers traversing this area alter their courses at the slightest 
provocation ; the Kosi river in particular has shifted its course over 
a wide area from time to time during the last century. The aver- 
age level of the streams is little below their banks, and even during 
normal monsoon rains wide areas are flooded annually. In conse- 
quence it requires little displacement to alter the course of a stream. 

After the earthquake it was found that some of the water from the 
Bagmati was findi^ its way across country, north of Mu/affarpor; 
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this tendency of the Bagmati river to leave its old course 
has been found to persist in later monsoons, and new areas have 
been flooded. At Madhipura the earthquake had badly damaged 
the level bank along the Kosi river ; the current immediately took 
advantage of this breach and swept away a large section of the 
embankment and it became obvious that during the succeeding 
monsoon the stream would add still further to this lateral erosion. 
The succeeding monsoon in 1934 began with heavy rainfall which 
gave rise to unusually severe floods. This flooding must not be 
attributed to changes in level due to the earthquake, although 
the slow manner in which the floods receded from certain areas 
may have been a consequence of local subsidence. Mr. Brett 
(1936, p. 35) reports that about 20 village sites to the north of 
MuzaflParpur had to be abandoned partly because the raised ground 
on which the villages were built had subsided and partly because 
the Bagmati had, in places, left its old course. 


Landslides and lakes. 

Landslides occurred in the mountain areas near Katmandu, 
Udaipur Garhi, and in Eastern Nepal. 

Katmandu . — The falls around Katmandu were confined chiefly 
to highly weathered granite-pegmatites, which crop out on the 
south face of the Sheopiiri Lekh, the ridge which forms the nor- 
thern rim of the valley. No loss of life w’as recorded from them. 
Other minor falls were seen near Bhimphedi, in phyllites and quart- 
zites. 

Udaipur Garhi . — The hill sides in the neighbourhood of Udai- 
pur (26°55' : 8G°32') were everywhere scarred with rock falls {see 
Plate 27, fig. 1 ), These were most noticeable in gneisses and 
schists of the Mahabharat range to the north, where vegetation is 
scanty, but actually such rock falls were as common in the jungle 
covered Siwalik rocks to the west, south and south-east. No 
cases of death were reported. The falls in the Siwalik sandstones 
near Muksar (26®62' : 86®23') blocked the local nuUa in four places, 
forming lakes. Two of these lakes emptied after several weeks. 
In March 1934, the larger of the remaining lakes was about 600 feet long 
with a probable maximum depth of 25 feet. The lake flowed through a 
small overflow channel across the slip and was rapidly silting up. There 
was no danger to villages lower down from a possible burst during 
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the ensuing monsoon, partly on account of silting and partly due 
to the fact that the water would have spread out to a negligible 
depth in a broad valley half a mile lower down. 

Dhararty DhanhiUa . — A landslide five miles north-west of Dhan- 
kuta (26°59' : 87°2V) caused 30 deaths, and another nine miles 
distant in the same direction caused 13 deaths. The rocks that 
slipped here were gneisses and mica-schists. On the north side of 
the ridge between Dharaii and Mulghat, near Dharapani, a cons- 
picuous landslip, which had breached the patli, is in shattered 
quartzites. It is probable that a large block of quartzite, weigh- 
ing thousands of tons, wdll eventually topple over. 

Taplejung , — There arc two large areas of landslide near Taple- 
jung (27°21' : 87°40'). One is about three square miles in extent 
and lies one mile north of the village. It originated in 1027, appar- 
ently as a result of the heavy monsoon of that The other 

lies three miles to the E. S. E. of Taplejung and is said to have 
started in 1924. The slips due to the earthquake are quite uuini- 
portant. They are seen sporadically all the way from Taplejung 

to the Nepal-Darjeeling frontier, interspersed with older slips. 

No landslides were noticed on the tra verst* through the Dar- 
jeeling district from Nepal. The great majority of the liill slopes 
of Darjeeling are close to the safety margin, and pt'riodic rock-falls 
and slips are the consequence even in normal years, particularly 
during and after the monsoon. The rock is disintegrat<*d, closely 
foliated gneiss (Sikkim gneiss), supporting an nnconsolidatx*d and 
at times rather spongy soil-cap of considerable thickness. On w'ell- 
planted or forested slopes the .soil is held together tolerably well, 
but deforestation, and excavations for stone or earth for road- 

making or house-building purposes have tended to produce a general 
instability of hill slopes at many points. Since the ground-rifts 

resulting from the earthquake were shallow and did not penetrate 

to the rock-core in the main ridge of the station, it was improbable 
that, except in the case of three subsidiary spurs (see details of 
damage in Darjeeling, page 260), any fresh danger, or predisposing 
cause, has been introduced for producing landslips on an extra- 
ordinary scale. 

In this connection the Happy Valley landslip area was examined 
in company with Mr. Chambers, the Executive Engineer. This 
slip has caused no anxiety for the last six years or so and the earth- 
quake of January. 15th has not given rise to any further trouble 
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in this notoriously unstable mass of rock and debris. Evidently 
the precautions t/ukeii during the last few years have proved effec- 
tive. Tliis, however, is no guarantee of its continued stability, 
and, notwithstanding the earthquake, no drainage water should 
be allowed to penetrate the surrounding ground, nor i^ould the bottom 
to be undercut. A rigid enforcement of all the former precautions 
is necessary turfing of the slope with planting of trees, stoppage 
of all kinds of excavation and — most important of all — water-tight 
lining of the jhoras (ravines) draining the immediate neighbour- 
liood of the slipped mass. The toe of the slope at the bed of the 
ravine needs full protection from erosion or undermining. As 
an urgent additional measure of safety the Geological Survey has 
recommended that the unlined bed of the ravine, known as the 
Convent jliora, should l)e treated in the same manner as the Hos- 
])i(al and the (’utchery jhoras. Also the plot of ground called 
Temple Flat, on the south-east side of Cutchery jliora, needs more 
effective draining and dressing of the slope to prevent large areas 
of this ground from sliding into the ravine. 

Increased flow of water in mines. 

Aj>|)arentlv the shook was not noticed underground in the 
numerous collieries in Bengal and Bihar, although it was felt at the 
surface. These mines are situated within isoseismal VI and are 
some 200 miles from the epicentral tract, yet it is evident that the 
rocks here did receive a severe shaking for a considerable disturb- 
ance of tiie underground circulation of water was reported after 
the earthcjuake. In general the higher mines, that is those up the 
dip, had a decrease in the flow of water below the usual dry weather 
load, whilst the lower mines, that is those down the dip, showed 
a great increase, amounting to 50 to 400 per cent, more than the 
normal dry weather load. This increase continued until the ensu- 
ing monsoon. In some cases water appeared from old fissures 
which ha<l been dry for years. 

Monghyr thermal springs. 

These well known hot springs, situated at Sitakund six niile^s 
from Monghyr, issue from alluvium close to an outcrop of quart- 
aite. There has been no noticeable change in the behaviour of 
the springs as a result of the earthquake. 
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Puriiea guns. 

Mention may be made of the broutides^ popularly known as 
* Pumea guns which are similar to the sounds often heard near 
Barisal, Bengal, where they are known as ' Barisal guns Mr. D. P. 
Sharma, Officiating Collector of Pumea, in a letter about the 
‘ Pumea guns ’ wrote : — 

* The Bound La heard almost all the year round (day and night), but more parti- 
cularly during the rains. Several loud reports are heard in quick sucoeuion for 
a few minutes. The sound ceases for some time, but is heard again after an interval 
of half an hour or an hour. Sometimes it is not heard for days or months. 

It has been frequently heard after the earthquake also, but for about a month 
or so it is not being heard (6.4.34). The sound resembles that of a booming of a 
big gun at some distance. Sometimes one feels, when the sound is louder and 

nearer, as if an explosion has occurred It is heard mostly in Araria 

and Sadar sub-divisions of this district.* 

Mr. Downing, District Engineer of Pumea, took particular note 
of these sounds and wrote as follows 

‘ For about ten days after the earthquake, Pumea guns were abnormally active 
and loud. I and my wife would hear them all through the night (when awake of 
course). Since then we have not “ picked them up ”. On the 18th to about the 
21st January we used to hear deep rumblings which would last for, or continue 

for, several minutes at a time Others have also heard deep rumblings. We 

have not heard them since.* 

Sounds similar to the Pumea guns are heard at Birat nagar 
(wrongly called Gograha on the maps) near the Nepal frontier, north- 
west of Araria. The Hakim of Biratnagar stated that the sounds 
have decreased in frequency since the earthquake. 



CHAPTER JV. 


SEISMOMETRIC STUDY. 

(S. C. Roy, D.Sc., Director, Burma Meteorological Department.) 

introduction. 

An account is given in this chapter of a seismometric study of 
the disastrous earthquake of Bihar and Nepal on January 15th, 
1934, and of one of its aftershocks on January 19th, based mainly 
on the records of the Indian stations, namely, Alipore, Agra, Dehra 
Dun, Colaba, Oorgaum, Kodaikanal and Colombo. The observa- 
tions at these stations appear to locate the epicentre of the main 
shock of January 15th near 26® 18' N. and 86® 18' E. with 
the time of origin of the first preliminary tremors at 8 h. 43 m. 
21 8. G. M. T. This location is in general accord with the isoseismal 
map of the earthquake obtained by officers of the Geological Survey 
of India and published in Records of the Gcoloifical Survey of India, 
Vol. LXVIII, Part 2, Plate 20, (1934). The epicentral tract enclosed 
by Isoseist X in their map is an elongated area about 30 Kms. wide 
and 130 Kms. long running east and west— the major axis of the 
oblong passing roughly through Sitaniarhi on the west and Madhu- 
bani on the east and the central region of the tract lying near 
26® 30' N. and 85° 40' E. The seismometric centre found in the present 
study falls near the eastern edge of the tract, near Madhubani. A 
preliminary examination of the seismograms of extra -Indian stations 
with epicentral distances up to about 6,000 Kms. shows that obser- 
vations wdthin this range are not in disagreement with the location 
of the epicentre near 26° 18' N. and 86® 18' E. 

The Indian seismograms used in the present study are repro- 
duced in Plates 6-16. The records of the main shock of January 
16th are incomplete and unsatisfactory in many respects for a 
detailed study. The Milne-Shaw instruments, for which the inten- 
sity of the light-point on the photographic paper is normally 
adjusted so as to be suitable for recording small earth motion, failed 
on this occasion to register at Alipore only a few seconds after the 
incidence of the first preliminary tremors (Plate 6, fig. 1) and at 
Colaba (Plate 6, fig. 2), Kodsdkanal (Plate 6, fig. 3) and Colombo 
shortly after the arrival of the secondary wave. The movements 
were, however, so great that even the Omori-Ewing type of instruments 

( ) 
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(Plates 7-12), in spite of their low magnifications, could not 
record the earthquake completely at any of the Indian stations 
except at Oorgaum (Plate 13). The immensity of the earth motion 
can be judged from the fact that the string-stops used in these instru- 
ments to prevent the writing pen from going off the recorder, broke 
down at such a distant station as Colaba in the case of the N— S 
component. In spite of the limitations, the Indian records are not 
without value and interest and an attempt has been made to correl- 
ate them as well as possible. Most of these records were too faint 
for reproduction. The originals were, therefore, magnified photo- 
graphically and the traces inked as faithfully as practicable. The 
inked copies were then reduced in size suitable for reproduction. 
Inaccuracies and distortions inherent in such tracing and photo- 
graphic processes are probably present in the reproductions, but 
it may be mentioned that features of interest in the originals have 
been carefully compared with the reproductions. 

Interpretation of Seismograms. 

In order to make clear the meanings of the symbols used in the 
reproductions, the seismic phases important in the study of near 
earthquakes are briefly recounted here. Harold Jeffreys (The 
Itarth, pp. 95-208) has shown that the primary and the secondary 
waves of shocks with shallow focal origin can travel to a near station 
along three distinct paths. The normal waves P and B travel to 
the observing station through the ultrabasic layer of the earth’s 
crust, while a second pair P and S travel directly through the granitic 

layer. In addition to these two pairs there is a third pair P and 

« 

S which reach the observing station through the intermediate 
basaltic layer. Jeffreys’ diagram showing the probable paths of 
these pulses through the different layers of the esrth’s crust is repro- 
duced below for ready reference (fig. 2). 
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Fio. i.— Probable paths of primary and aeconda^ waves through crustal layers of the 
oai^. (After Jeffreys). 
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An attempt has been made to identify these pulses, wherever 
possible, in the Indian records of the main shock of January 16th 
and its aftershock of January 19tb. The presence of these pulses 
on the Alipore and Agra seismograms of the aftershock of January 
19th (Plate 14, figs. 1 and 2) is unmistakable. Their identifications 
on the seismograms of the main shock are, however, difficult in 
consequence not only of the incomplete and unsatisfactory character 
of the records but also of their complicated nature. The complica- 
tions begin from the very beginning, there being two distinct stages 
of P-incidence. These stages are marked on the seismograms as 
I and 2 and are referred to in the text as P^ and The first 

stage Pm commences with small emergent movements. The second 
stage Pj, which occurs about 11 sees, after P^ generally begins with 
a sharp impetus, the movements thereafter being very large com- 
pared to Pm. An intermediate stage is also noticeable on some 
records about 4 to 6 secs, after P^; but the emergence of that 
stage is so gradual that it would be unnecessarily complicating the 
present discussion to treat it as a stage distinct from Pm- The 

incidence of P^ occurs on the Alipore records at the expected time 

* 

of arrival of P^ and on the Colaba records near the time of arrival 
of the reflected primary wave. The stages P^ and P^, are, however, 
not confined only to the records of Alipore and Colaba but appear 
on almost all the available Indian and extra-Indian seismograms — 
the interval (Pm -“P m) being 11 s. ±2 s. Portions of the seismo- 
grams of Kobe are reproduced in Plate 16 to illustrate the presence 
of these stages on fairly distant records. The approximate cons- 
tancy of the interval (Pm -P m) distant stations suggests 

that the major crash leading to the disastrous earthquake was pre- 
ceded by a minor fracture by about 11 secs. If this inference is correct, 
one would expect the features of the P-incidence to be repeated 
at the incidence of the other phases. In an earthquake, no dis- 
turbance, how ever, starts from rest except the first ; each pulse 
instead of coming to an end and allowing the seismograph to come 
to rest is followed by another train of waves. The residual move- 
ments left by the previous pulses present difficulties in timing 
accurately the arrival of a new pulse on the records but it is gener- 
ally possible to recognise the two stages at the incidence of each 
pulse — the initial oscillations (stage 1) being remarkably small com- 
pared with the final ones (stage 2). Of the Indian seismographs, 
it is only the Milne-Shaw instruments of Colaba and Eodaikanal 
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and the Omori-Ewing instruments of Agra and Oorgaum which 
registered true earth movements. The minor and the major stages 
of P are fairly clear on the Agra record (Plate 9) and of P and S on 
the Oorgaum records (Plate 13). The time-scales of the Milne-Shaw 
seismograms of Colaba and Eodaikanal are too small for a detailed 
scrutiny but the emergence of 8-phase with comparatively small 
initial movements is also observable on these records. With the 
incidence of Pu, the Omori-Ewing type of instruments at Alipore, 
Dehra Dun and Colaba started making movements with the free 
period of their pendulums, rendering correct timing of phases on 
their records (Plates 7, 8, 10, 11 and 12) difficult. Occasional super- 
positions of true earth-movements which are noticeable on these 
records have been taken as a guide in timing the arrivals of phases 
— ^the initial stage of a new phase being assumed to occur generally 
at the end of such marked superpositions. An element of uncer- 
tainty exists in the identifications of phases on the records of Dehra 
Dun and Alipore for January 15th, but these identifications are generally 
supported by the Alipore and Agra records of the aftershock. 


Table 5. 


Readings of seismograms y January 15th, 1934. 


Station. 

Latitude 

and 

Longitude. 

Compt. 

Phase. 

Time 
(Q. M. T.) 

Epioentkal 

DISTJLNCK. 

Degrees. 

KUo- 

metres. 





H. M. 8. 



1. Alipore (Calcutta) 

22° 32' N 

N,E 

Pm 

08 44 21 

4° 12' 

467 




• 






N,E 

Pm &Pn, 

44 33 





N,E 

Pm 

44 45 





E 

Sju 

45 07 





N 

? 

45 21 




. 

N, E 

S ? 

46 33 
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Table 5— am/df. 







EFIORNTBiX 

Station. 

Latitude 

and 

Longitude. 

Compt. 

Phase. 

Time 

DISTANCE. 

(G.M. T.) 

Degrees. 

Kilo. 

metres. 





H. M. S. 



2. Agra 

27® 08' N 

N, E 

Pm 

08 45 07 

7® 28' 

829 


78® or E 

N 

Pm 

46 17 





N 

Pm 

45 55 





N 

Pm 

46 07 





N 

Sm 

46 29 



3. Dehra Dan . • 

30® 18' N 

N 

Pm 

08 45 19 

o 

00 

92i 


78® 03' E 

N j 


45 28 





N 


45 35 





N 


46 12 





N 


46 50 





N 

BH 

47 24 





N 

1 ^m 

47 53 



4. Colaba (Bombay) 

18® 54' N 

N, E 

Pm 

08 46 46 

14® 28' 

1607 


72® 49' E 

N 

Pm 

46 56 





N,E 

Pm 

48 22 





N,E 

Sm 

49 24 



5. Oorgaum . . 

12® 66' N 

N 

Pm 

08 46 59 

m 

1705 


78® 15' E 

N, K. Z 

Pm 


■1 




N 

• 

Pm 


■ 




N,E,Z 

Pm 


■ 




E.Z 

Sm 

■ 

■ 
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Tabus 6 — oonid. 


Station. 

Latitude 

and 

Longitude. 

Compt. 

Phase. 

Time 

Epiokwtbal 

DISTANCE. 

(G. M. T.) 

Degrees. 

Kilo- 

metres. 





H. M. S. 



6. Kodaikanal 

10" 14' N 

E 

Pm 

08 47 36 

18" 07' 

2013 


77" 28' E 

E 

Pm 

47 47 





E 

S|n 

60 66 



7. Colombo • 

6" 54' N 

E 

Pm 

08 48 02 

20" 21' 

2261 


79" 62' E 

E 

Pm 

48 13 





E 


61 46 



8. Medan 

3" 36' N 

N i 

P m I 

08 48 61 

26" .38' 

2848 


98" 41' E 

N,E 

Pm 

49 02 

1 




N,E 

Sm 

63 28 



9. Hongkong . 

22" 18' N 

1 

N 

Pin 

08 48 46 

26° 40' 

2851 


114° 11' E I 

N 

Pm 

48 66 





N 


1 63 20 



10. Nanking • 

32" 03' N 

Z 

Pm 

08 49 14 

28" 49' 

3201 


118° 47' E 

Z 

Pm 

49 2,3 

! 




E, Z 

Sn, 

64 18 



11. Zi Ka Wei . 

31" 20' N 

1 

Z 

Pm 

08 49 36 

© 

c 

3460 


121" 26' E 






12. Manila 

14" 36' N 

N, E, Z 

Pm 

08 60 08 

o 

CO 

J822 


120" 69' E 

N,E 

Pm 

60 21 




• 

N,E 

Sn, 

51 42 
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Table 5 — contd. 



Latitude 

and 

Tx>ngitude. 

Compt. 

Phaac. 

Time 

Efioentbal 

DIBTAHCB. 

1 

station* 

(G. M. T.) 

Degrees, j 

Kilo- 

metres. 





H.M* S. 



13. Batavia 

6° irs 

E 

Pm 

08 60 39 

38® 00' 

4233 


106® 60'E 

N, E. Z 

Pm 

50 48 





N. E 

Sni 

66 40 



14. Kobo 

34®4rN 

E. N, Z 

Pm 

08 51 13 

42® 32' 

4726 


135® ll'E 

E. Z 

Pm 

51 26 





N, Z 

Sn, 

57 40 



15. Ksara 

33® 49' N 

N 

Pm 

08 61 29 

43® 62' 

4873 


36® 52' E 

N 

Pm 

51 38 





N 


58 04 



16. Totyo . 

35®41'N 

N, E, Z 

Pm 

08 51 46 

46® 12' 

5132 


139® 45' E 

E, Z 

Pm 

61 68 





E, Z 

Sin 

58 32 



17. Helwon 

29® 61' N 

E 

Pm 

08 61 58 

48® 10' 

5351 


31® 20' E 

E 

Pm 

52 08 





E 

®m 

59 02 



18. Amboina 

3®42'S 

E 

Pm 

08 62 17 

50® 23' 

5698 


128® 10' K 

N,E 

Pm 

52 28 





N, E 

Sui 

69 31 



19. So6a . 

42® 40® N 

E 

Pm 

08 62 40 

53“ 08' 

6903 


23® 20' K 

£ 

Pm 

52 49 





£ 

8m 

09 00 08 




F 
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Origin time of the earthquake of January 15th. 

Headings of the seismograms used in the present study are given 
in Table 6. The times of arrival of given originally by the Indian 
stations were : — 

Station. Original time of arrival of P,,, 


Aliporc . 

. 


. 8 h. 44 m. 18 s. (i. M. 

Agra 



. 8h. 4r)m. lls. 

Dehra Dun 

. 


. 8 h. 45 m. 14 s. ,, 

Colaba • 

• 


. 8 h. 46 m. 48 b. „ 

Oorgaum 

. 


. 8 h. 47 m. 04 h. „ 

Kodaikanal 


. 

. 8 h. 47 m. 36 s. 


The observatories at Abpore, Agra, Colaba and Kodaikanal make 
daily determinations of the errors of their reference clocks by com- 
parison with wireless time-signals from Bordeaux, Nauen or Rugby, 
and such determinations are also checked occasionally against star 
observations. There is, therefore, no reason to doubt the accuracy 
of the time kept at these stations. Debra Dun also makes regular 
star-observations and the time of that station is equally reliable. 
Accurate time-keeping does not, however, by itself ensure accurate 
timing of phases on the seismograms. There are various factors 
which can give rise to appreciable differences in readings on seismo- 
grams by different observers — particularly v lien the time-scales 
are small. A scrutiny of the Dehra Dun record indicates that the 
original reading is about 5 secs, less than it should be. The reading 
originally taken appears to have been based on the assumption 
that the time-interval between the tracing-pen and the time- marking 
pen was constant. This assumption would only hold if the recording 
drum rotated at a uniform speed. Actually the minute- intervals 
on the Dehra Dun record are far from uniform. With variable 
speed of the drum it is probably^ more correct to assume that the 
distance between the tracing-pen and the time-marking pen is 
constant rather than the time-interval. With this assumption, the 
reading obtained for the arrival-time of Pnj on the Dehra Dun record 
is 8 h. 46 m. 19 s. G. M. T. 

Pn^ arrived on the Milne-Shaw records of Colaba near a minute- 
break and the original reading of its arrival at 8 h. 46 m. 48 s. Q. M. 
T. was taken in the middle of the break. Subsequent examination 
of the Colaba r^^rds. showed that the incidence of P^^ should he 
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tAicen 2 8608 . earlier near the beginning of the minnte>break. The 
accepted time of arrival of at Colaba is, therefore, 8 h. 46 ra. 
16 8. G. M. T. 

Observable movements begin on the Oorgaum records at 8 h. 
46 ra. 59 8. on the N — S component, 8 h. 47 m. 02 s. on the E — W 

component and 8 h. 47 m. 04 s. on the Z component. The clock- 

correction of Oorgaum is not known. The arrival time of at 
Oorgaum has been taken as 8 h. 46 m. 59 s. on the assumption 
that the clock-correction there was zero and that the earlier small 
movements were not recorded by the E — W and Z components. 

Agra’s reading of the time of arrival of on the Omori-Ewing 
seismogram was 8 h. 46 m. 11 s. G. M. T. and on the Milne-Shaw 

seismogram 8 h. 46 m. 10 s. G. M. T. It has not been possible to 

scrutinise the Agra records fully for want of complete data for veri- 
fication of time. It is, however, foimd necessary to assume a time 
correction of -3 s, at Agra and -f- 3 s. at Alipore to bring their 


observations in better accord 

with the observations of 

the other 

Indian stations. The adopted 
Indian stations are thus : — 

times of arrival of Pjj, at 

different 

Station. 

Adopted time of arrival 
of Pm. 

Adopted — 
Original. 

Aliporo .... 

. 8 h. 44 m. 21 s. G. M. T. 

4-3 8. 

Agra 

. 8 h. 45 m. 07 s. ,, 

— 3 b. 

Dehra Dun 

. 8 h. 46 m. 19 8. 

+ 5 8. 

Colaba .... 

. 8 h. 46 m. 46 b. ,, 

2 8. 

Oorgaum .... 

. 8 h. 46 m. 69 8. 

5 8. 

Kodaikanal 

. 8 h. 47 m. 36 s. ,, 

Ob. 


The differences under column 3 above have been explained except 
in the case of Alipore and Agra whose time-data could not be scruti- 
nised. In any case these differences may be regarded as residual 
errors of observation which are not uncommon in seismology. 

Readings of the incidence of the first stage of the secondary 
waves have been taken at the points marked Sj on the Indian 
seismograms. The readings arc : — 


Station. 




Time of arrival of Sm* 

AUpore 


. 


. 8 h. 46 m. 02 s. G. M. T. 

Agra 

, 

, 

, 

. 8 h. 46 m. 36 s. „ 

Dehra Dun 


, 

, 

. 8 h. 46 m. 67 s. „ 

Bombay . 

, 

. 

. 

. 8 h. 49 m. 27 s. „ 

Oorgaum 


• 

• 

. 8 h. 49 m. 47 a. „ 

V 
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To obtain tbe origin-time of Pjj, its arrival times at the Indian 
sfaticEs have been plotted against its duration (fig. 3). The plots 
of SI® found to lie practically on a straight line 

'^bich, vhen extrapolated, gives the time of origin of P^, as 8 h. 
43 m. 21 B. G. M. T. 
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The origin-time of P„ could not be estimated by using the 
same method owing to uncertainty in the identifications of 8„ on 
the Indian records. An estimate of the time can, however, be made 
in an indirect way. It is possible to read fairly accurately the 
interval (PM^-J^m) records of a number of Indian and extra- 

Indian stations. The readings of the interval for those stations 




SElSMOBtBTRlO STUDY. 


69 


whose records are fairly clear and definite regarding the two stages 
are given below : — 


Station. 

Alipore . 






(P*— Pa) interval. 

12 B. 

Agra 






10 B. 

Dehia Dun 






9 8. 

Oorgaum 






11 8. 

Kodaikanal 






11 8. 

Man^lA. 






13 i. 

Kobo 






13 8. 

Tokyo 






12 8. 

Kaara 






9 8. 

Helwan . 






10 8 . 

Sofia 






0 8 . 

Stuttgart 






11 8 . 


From the above readings, the interval (P»j“-Pra) is 11 s, ± 2 s. 
The origin-time of P^ may, therefore, be taken as 8 h. 43 m. 32 s. 
G. M. T. 


Seismometric epicentre of the earthquake of January 15th, 

i9J4. 

Taking Op,„ time as 8h. 43m. 21b, the (P,,, — Op„) inteivals 
for the Indian stations are : — 

Station. Pu,-OPm- 


Alipore 

• 

• 


• 

• 

. 1 m. Os. 

Agra 

. 



• 

m 

• 1 m. 46 s. 

Dehra Dun 

. 



e 

% 

• 1 m. 58 8 . 

Cdaba 

• 

V 


• 

• 

• 3 m. 25 84 

Ooigaum 

• 

0 


• 

# 

• 3 m. 38 a. 

Kodaikanal 

. • 

• 


• 


. 4 m. 15 R. 
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The method used for the location of the epicentre was to find 
out by trial a place so situated that the foregoing observations lie on 
a smooth time — distance curve practically straight for cpiccntral 
distances between 4° and 15°. The formula used in the trial for the 
calculation of epicentral distance was the usual formula of Professor 
H. H. Turner 


(2 sin A/2)*=(a— A)*+(b-B)*+(c— C)2 


where a, b, c are the constants for the soisraological stjitioiLs and 
A, B, C are the constants for the epicentre determiiu*d by their 
latitudes and longitudes. The values of a, b, c for the Indian stations 
are given below for ready reference. 




a 

b 

c 

Alipore 


. -f-0261) 

-f -1)234 

+ -3832 

Agra . 


. + -1854 

+ -8710 

+ .4660 

Dehra Dun 


. -f -1787 

-f -8445 

+ -6048 

Colaba 


. -f *2796 

-f -9039 

-3239 

Oorgaum 


. -j-'lOSS 

-f- -9643 

-f -2239 

Kodaikanal 

. 

. +-2138 

'9606 

+ '1777 

The Indian 

seismological 

data are found to fit 

in best 


the epicentre of the minor stage of the earthquake is placed near 
26° 18' N. and 86° 18' E., the corresponding values of A, B, C 
being A= f *0578 B= + -8945 and C= + -4431. 

The distances of stations from 26° 18' N. and 86° 18' E. 
computed by using Professor Turner’s formula, are given in Table 
5. The tame — distance curves for P,„ and up to 6^000 Kms. are 
shown in fig. 4 The general smoothness of the curves with observa- 
tiouB on the east, west and south seems to indicate that the placing 
of the seismometric epicentre of the minor stage of the earthquake 
near 26° 18' N. and 86° 18' E. could not be greatly in error. 
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An estimate of the seat of the major-stage can also be made 
by the use of the trial method. Taking the origin -time to be 8 h. 


43 m. 32 8. G. M. T.. 

the 

(p«- 

-Ot„) 

intervals for the 

Indian 

stations are : — 






Station. 






AlipopB 




. 1 in. Is. 


Agra 




. . 1 m. 45 8. 


Dehra Don 




. . 1 m. 56 B. 


Colaba 




. . 3 m. 44 8. 


Oorgaom 




. . 3 m. 38 8. 


KodaikanaJ 




4 m. 15 8. 


These data are found 

to 

agree 

with 

the location of the 

major 

stage of the earthquake 

near 

26° 

21' 

N. and 86° 12', H 

the 


epicentral distances of the Indian stations being : — 


Station. 





AlOt'Rn-CB). 

Kms. 

Alipore 





4° 17' 

476 

Agra 

• 




7° 23' 

820 

Dehra Dun 





8“ ir 


Colaba 

. 




14“ 25' 

1,603 

Oorgaum 

• 




16“ 21' 

1,705 

Kodaikana) 

. 



. 

00 

0 

2,015 


This location of the seat of the major stage is also in accord with 
the observed (P,| — Pm) interval at the extra-Indian stations. The 
value of the interval is 11 s. ± 2 s., the highest value of 13 s. being 
observed at Manila and Kobe, and the lowest value of 9 s. at Dehra 
Dun, Ksara and Sofia. Observations of (P^ — P„J have been made 
with care and the uncertainties in their measurements should not 
be more than ± 1 s. It is, therefore, of interest to note the general 
tendency of the interval to have slightly higher values at stations 
to the east and south-east and comparatively lower values at stations 
to the west and north-west of the epicentre of the minor stage. If 
this tendency is genuine, the seat of the major stage must have 
been 10 to 15 kms. to the north-west of the minor st^e. 
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Seismometric epicentre of January 15th in relation to field 

observation. 

As pointed out in the Introduction, the epicentral tract enclosed 
by Isoseist X covers a vast elongated area about 30 Kms. wide and 
130 Kms. long with its central region near 26® 30' N. and 

85® 48' E., between Madhubani and Sitamarhi. The seismometric 
centres of both the minor and the major stages, instead of lying 
more centrally on the epicentral tract, fall on its eastern edge near 
Madhubani. Any appreciable shifting of the epicentres towards 

the central region of the tract gives systematically high speeds of 
seismic waves to stations to the east and systematically low speeds 
to stations to the west. Accepting, therefore, the seismometric 
evidence for an initial minor failure near 26° 18' N. and 
86° 18' E. leavling through an intermediate stage to the major crash 
near 26° 21' N. and 86° 12' E. after about 11 secs., it is 

natural to enquire if other crashes could not have subsequ(*ntly 
occurred in tlie same fault-surface or in the neighbouring faults 

with the transference of the elastic stresses no longer supported 
at the scene of the major crash. Such an occurrence appears very 
probable but the tianafor of elastic stress from point to point is not 
simultaneous but requires time, depending on the elasticity aud 
density of the rock. It is not, therefore, possible for stresses and 
hence fractures to extend at a rate greater than that of the fastest 
elastic waves which are of the compressional type. It follows that 
when several crashes occur at different parts of a fault or in the 
neighbouring faults, the seismic waves that will arrive first at a 
station not very close to the epicentre will be those radiating from 
the earliest crash, even if the station be nearer the origin of the later 
crashes. This point lias been discussed at length by Professor 
A. C. Lawson and others (1908) in their report on the California 
Earthquake of April 18th, 1906. It is thus clear that, if the later 
crashes were comparatively less severe, the waves originating from 
them would be masked by those from the major crash and would 
not be easily distinguishable on the seismograms. It is of interest, 
however, to note that both the field observations and the seismo- 
metric observations agree in showing that after the major crash near 
Madhubani, the transfer of the unsupported stresses occurred more 
to the W. N. W. towards Sitamarhi rather than to the E. S. E., 
towards Pumea. 
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In addition to the main epicentral tract between Madhubani 
and Sitamarhi there are two small areas on the isoseismal map 
(Plate 1) of the earthquake of January 15th — one around Monghyr 
and the other in the Nepal valley to the south-east of Katmandu — 
where the intensity reached the degree of X. It is well known that 
the action of an earthquake depends largely on the geological 
character of the ground and the nature of the structures on it. High 
* apparent intensity * judged from the damage and dislocation on 
the surface may not, therefore, always coincide with high ‘ intrinsic 
intensity This fact was fully demonstrated by the critical investi- 
gations of Professor A. C. Lawson and others (1908), on the areal 
distribution of damage done by the California Earthquake of April 
18th, 1906. The apparent high intensity in the Nepal Valley and 
the Monghyr area may be due only to the nature of the geologic 
materials there. The seismometric evidence is clearly against the 
origin of any independent shocks in those areas before or simultane- 
ously with the origin of the major ciash, but does not preclude the 
possibility of comparatively less severe ruptures occurring there 
subsequently ^ 


Aftershock of January 19th. 

A number of aftershocks have been registered by the seismo- 
graphs at Alipore and Agra but with the exception of the one of 
January 19th none of them w'ere strong enough to be recorded fully 
from the beginning of the normal P-wave, The records begin 

* . 

in some cases with the incidence of P or P and in most cases with 
the incidence of S or even S. A thorough scrutiny of the records 
is, therefore, necessary if they are used for the estimation of the 
origin of the afterchocks. It has not been possible for the writer 
to undertake such a scrutiny. The aftershock of January 19th 
was sufficiently strong to be recorded fully also by the Milne-Shaw 
instruments at Colaba. With complete records at three stations, 
the origin of this aftershock can be estimated \iith a fair degree of 
ooafidence. The readings of the seismograms (Plate 14) of Alipore, 
Agra and (k>laba for January 19th are given in Table 6. 


^ Oedlogieml Survey, — Tkis-oonclasiOT •grew with that independently amved at ae 
a result of our field examination (see pp. SO, SI and 149). 
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Tasls 6. 




Readings of seismograats^ January 19S4» 



These data place the epicentre of the aftershock of January 
19th approximately near 26^ 24' N. and 86° 18' £., giving the 
following epioentral distances : — 


Stotioa. ADegrees. Kmt. 

AUpore . • . 4® 17' 47« 

Agn ... 7® 29' 8» 

Bombay . 14® SO' IJUl 
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The place of origin of the aftershock of January 19th was, there- 
fore, very close to the seismometric epicentre of the main earth- 
quake of January 15th. 

The Op time of the aftershock obtained graphically by plotting 
arrival times of P against (S — P) intervals (fig. 6) is 18 h, 49 m. 
60 8. G. M. T. The (P — Op) intervals are 


Station. 


P-Op 


Alipoie . • . 1 m. 1 a. 

Agra . . . 1 m. 47 ■. 


Bombay . . . 3 m. 26 s. 



Although it is not possible to estimate the exact origin of the 
other aftershocks .without a fuller scrutiny of the seismograms of 
Alipore and Agta, a comparison of the records of these stations 
enables one to sort out the aftershocks of the Bihar earthquake of 


SEISMOMETRIO STUDY. 


67 


January 16th. 
\vere registered 


A list is given below of those aftershocks which 


by instruments both 
Date. 

January 15th 
January 10 th 
January 17th 
January 18th 
January 19th 
February 4th 
February 8th 
February 17th 
April 8th 
April 13th 


at Alipore and Agra. 

Number of 
Aftershocks. 

. 18 

6 
3 
1 
1 
1 

. I 

1 
I 
1 


After April, no aftershock appears to have been sufficiently 
strong to be registered both at Alipore and Agra. The list given 
liere is a selective one, but it indicates clearly that the frequency 
of aftershocks registerable by instruments at a distance of 450 — 850 
kilometres declined very rapidly. This rapid decline appears to 
suggest that nearly complete relief was provided by the main shock 
of January 16th. 


Velocities of travel of compressional and distortional waves 
through three layers of the earth’s crust. 

Taking Op time as the zero time, the transit times of P, P, 

P, S, 8 and S to Alipore, Agra, Dehra Dun, Colaba and Oorgaum 
are computed in Table 7. 

Table 7. 

Transit times of P, P, P, 8 8, and 8. 


station. 

Date. 

Knis. 

P-Op 

P-Op 

0 p 

S-Op 

«-Op 

S~-Op 

1. Alipore 

Jan. 15 

467 

608. 

718. 

848. 


120a. 

1.32s. 

Alipore 

Jan. 19 

476 

61s. 

748. 

868. 

109s. 

123a. 

137s. 

2. Agra 

Jan. 15 

830 

lOOs. 


1548. 

1888. 



Agra 

Jan. 10 

830 

1078. 

1308. 

154b. 

189s. 

2178. 

244a. 

8. Dohra Dun 

Jan. 15 

922 

1188. 

144a. 

1718. 

209s. 

2438. 

272a. 

4. Colaba 

Jan. 15 

1607 

205s. 


3018. 

363s. 



Colaba 

Jan. 19 

1611 

2068. 



3658. 

4238. 

579a.5 

5. Oorgaum . 

Jan. 15 


218b. 

271s. 

3208. 

3878. 




Owing to insufficiency of observations, the available data of 
January 16th have been combined with those of January 19th to 
obtain average time-distance curves for the six pulses (fig. 6). For 
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all practical purposes, the curves are straight lines. A slight 
curvature-effect of the earth appears to be observable at the dis- 
tances of Colaba and Oorgaum (14° — 15°) and hence a greater weight 
has been given to observations at nearer stations in drawing the 
lines. 

The extrapolation of the time-distance curves shows that S is 
the first wave to start from the origin, the other pulses apparently 
starting later. The apparent delays in starting of the various pulses 
with respect to S arc : — 


=3-6 secs, and t^g^gj =2*0 aeca. 

This interesting feature of the graphs will be discussed later. Below 

aie given the average velocities of travel (a, a, *) of the three compres- 

« . « — 

sional waves (P, P, P) and those (P, P, p) of the three distortional 

« — 

waves (S, S, S) calculated from the time-distance curves of the Bihar 
earthquake : — 

Velocities of Compressional waves Velocity of Distortioiial waves in the 
in the Qangetic valley, Gangctic valley. 


a=7-80 Km/sec. (P). 
S=6*21 Km/sec. (P). 


P = 4-38 Km/sec. (S). 
P-3-71 Km/soc. (S). 


p- 6*26 Km/sec. (P). 


a =3-29 Km/sec. (S). 


It is of interest to compare these values with those found by 
Jeffreys (The Earth) for the continent of Europe. They are : — 
Velocities of Compressional waves Velocities of Distortional waves in 

in Europe. Europe. 

a=7*8 Km/sec. p==4-36 Km/sec. 

&=6*2 to 6-3 Km/soc. P=3*7 Km/sec. 


y=6*4 to 6*6 Km/sec. p=3*3 Km/sec. 

Except for a, the speeds of waves for the Gangetic valley and the 
continent of Europe are in close agreement. The speed of the com- 
pressional wave through the uppermost layer is definitely less in 
the Gangetic valley. In spite of some uncertainties in the timing 
of phases on the seismograms, the writer is satisfied as regards the 
ireality of the tendency for lower values of a in the case of the Bihai: 
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earthquake. There is, however, no corresponding reduction in the 
speed p of the distortional wave. These facts appear to support 
the theory that the fundamental shear-wave S follows a direct path 
through the granitic layer from the focus to the observing station 
whereas the compressional wave P, which is derived from S by reflec- 
tion at the base of the sedimentary layer, follows a path near the 
top of the granitic layer, the lowering of the speed of P being ex- 
plained by the occasional presence of the Gangetic alluvium in 
its path. 

Depth of Focus of the Bihar Earthquake. 

It should be made clear at the very outset that the words * focus * 
and ‘ focal depth * are used here in a restricted sense and that they 
refer to the point or rather the limited area where the initial minor 
failure leading to the disastrous earthquake of January 16th 
occurred. The enormous extent of the epicentral tract and the 
existence of secondary areas of high intensity together with the 
complicated nature of the seismograms of January 16th led the 
writer to examine the records of extra-Indian stations with a view 
to finding out if phases characteristic of deep-focus earthquakes 
are present in them. The attempt has proved unsuccessful and 
the writer is of opinion that no deep-focus interpretation of the 
records is possible. S. K. Banerji (1925, pp. 65-80) has shown that 
the energy of Rayleigh waves decreases rapidly as the depth of focus 
increases. The development of L-waves on the records of the Bihar 
earthquake (shown clearly by the seismograms of Oorgaum, Plate 
13) constitutes, therefore, further proof against any deep-focus 
interpretation. On the other hand, the phases identified on the 
Indian records, if correct, show definitely that the main earthquake 
of January 16th and its aftershock of January 19th had their 
origin in the uppermost layer of the earth’s crust. 

The correct estimation of the focal depth of an earthquake is 
the most difficult problem in seismology. Several methods have 
been used for the purpose, but all entail uncertainties due to lack of 
sufficient and accurate data. An estimate of the focal depth of 
the Bihar earthquake can be made by using Jeffrey’s method based 
on the apparent delay in start of P with respect to S. Jeffreys 
has shown that this delay is related to the focal depth, d, as follows : — 
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where represents the apparent delay in start, of P with respect 

to S. 

For the Bihar earthquake of January 15th and its aftershock 
of January I9th, 

fi=3*29 Km/sec. 
a=5-26 Km/sec. 
and t - - =3*5 secs. 

These values place the origin of the Bihar shocks at a depth 
of 14*8 kilometres. 

Thickness of the {granitic and the basaltic layers in Bihar. 

Jeffreys has shown also that the thickness of the uppermost 
granitic layer Hg can he <‘stiniat(‘d from the apparent delay in start 

♦ _ 

of P with respect to P by using the following formula : — 


2 Hg == d + 




. t % - 


For the Bihar shocks — 

d— 14*8 Kins. 

01—5*20 Km/sec. 
a— 0*21 Km/sec. 

t * - =1*5 secs. 

(P/^P) 

With these values, the thickness of the granitic layer in Bihar 
comes out at 14*8 Kms. No undue importance need be attached 
to the exact coincidence of the figures for the focal deptli and the 
thickness of the uppermost layer but the seismometric evidence 
may be taken to point to the conclusion that the primary cause 
of the disastrous Biliar earthquake of January 15th lay near the 
interface of the granitic and the baaaltic layers. 

An estimate of the thickness H„ of the intermediate basaltic 
layer can also be made from the apparent delay in start of P with 
* 

respect to P by using the relation : — 


2 H, = d + 
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For the Bihar shocks — 


d=14*8 Kms. 
a=6*21 Km/sec. 
a=7*80 Km/sec. 


t 


(P/-P*) 


=3*5 secs. 


From these values, the thickness of the basaltic layer in Bihar 
is found to be equal to 25*4 Kms. 


Constitution of crustal layers in Bihar. 

The bulk-moduli, k, computed from the velocities of travel of 
the compressional and the distortional waves in the Gangetic valley 
are ; — 



ax 10“* 
C. G. S. 

^xio-* 

G. G. S. 

= (a*-J p*)xi(r'® 




C. G. S. 

Upper layer 

5-26 

3*29 

13-0 

Intermediate layer 

(>•21 

3-71 

20‘2 

Lower layer 

7*80 

4-38 

35.3 

The values obtained bv Jeffrevs for 

the continent of Euroj)e 


a X 10~® 

p V io-» 

)( 

— y lO-'o ((\ G. S.). 

P 

Upper layer 

(•5-4 

(5-0 

3-3 

3-3 

14-7 

lG-9 

Intermediate layer 

6-3 

3-7 

21-4 

Lower layer 

7-8 

4-35 

36-6 


The computed values of the bulk-moduli for the intermediate 
and the ultrabasic layers of the Gangetic valley are very close to 
those for the continent of Europe. The bullc-modulus obtained 
for the upper layer of the Gangetic valley is, however, compara- 
tively low and is due to the low value of the velocity of travel of 
the compressional wave through that layer in Bihar. ♦ 

Jeffreys (The Earth, p. 102) has given a ta7)le of the bulk-moduli 
of rocks determined experimentally in the Geophysical Laboratory 
at Washington. ' An extract of the table is given here for ready 
reference in Table 8. The laboratory values refer to ordinary 
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tempeiatures and pressures of 2 x 10® C. G. S. and 10^® C. G. S. 
corresponding to depths of 7 Kms. and 33 Kms. respectively in the 
crust. 

Table 8. 


Bulk moduli of rocks {from Jeffreys). 


Hock. 

IViiHity. 

— X 10-1“ 
p 

C. G.S. 

Pressure (C. G. S.). 

Obsidian .... 

2*3.‘l 

15 1 

Mean for the range 




2 X UP to 10i« 

Granite .... 

261 

18-3 

2 X 10» (7 Kms). 

Tachylite .... 

2-85 

240 

Mean for the range 




2 X 10’ to 10^0 

r 

2-74 

22-8 

2 X 10» (7 Kras). 

Diorite . . . 




1 

2 78 

24 3 

10 1“ (33 Kras). 

(■ 

3or» 

27-8 

2 X 10» (7 Kms). 

CJabbro . . . < 




1 

3 08 

28-2 

10*0 (33 Kms). 

Dunite 

3-32 

383 

Kpo (33 Kras). 


The seismometric value for the bulk-modulus of the upper layer 
is appreciably below that for granite found experimentally in the 
laborat/Ory. But the existence of the granitic layer is definitely 
known and Jeffreys explained the low seismometric value as being 
solely due to the effect of tiunperature within the granitic layer. 
The temperature- effect may not, however, be the only cause. The 
occasional presence in the path of P of rocks wdth bulk-moduli lower 
than that of granite may also be a contributing factor. 

As for the lower layer, the only rock that is known to give the 
requisite value for — is dunite. Taking the seismometric value as 

36-3 and the laboratory value as 38-3 for dunite the lowering in the 
value of bulk-modulus due to temperature may be roughly estimated 
as 8 per cent. If the degree of temperature-effect were nearly the 
same in the intermediate layer, the seismological evidence is in 
favour of preponderance of diorite and tachylite in that layer over 
gabbro, as already pointed out by Jeffreys, 



74 


BIHAR-NEPAL EARTHQUAKE OP 1934. 


Summary. 


The main conclusions may be summarised : — 

1. The earthquake of January 15th was initiated by a minoi 

failure near 26° 18' N. and 86° 18' E., the time of origin 
of the first preliminary tremors being 8 h. 43 m. 21 s. 0. M. The 
culminating major crash, which occurred about 11 secs, after the initial 
minor rupture and about 5 secs, to 7 secs, after an intx'rmediate 
stage, has its origin near 26° 21' N. and 86° 12' E. close 

to Madhubani. The progression of the fractures towards tlic 
W. N. W. from the minor to the major stage suggests that the stresses, 
no longer supported at the origin of the major crash, were transferred 
from the Madhubani area more towards Ritamarhi than towards 
Purnea. 

2. The epicentre of the aftershock of January 19th is located 
near 26° 24' N. and 86° 18' E., which is close to the seismometric 
epicentre of the main shock. 

3. A list of the aftershocks which were registered by instru- 
ments both at Alipore and Agra indicates that their frequency 
declined very rapidly. This rapid decline is interpreted to m(‘an 
that nearly complete relief was afforded by the main shock 
of January 15th. 

4. The extraordinary development of long weaves and the 
presence on the Indian seismograms of pulses cliaract<*ri8tic of near 
earthquakes with shallow focal depth, suggest that the main earth- 
quake of January 15th originated in the uppermost laytT of the 
earth’s crust. 


5. The average time-distance curves obtained by combining the 
observations of January 15th and 19th for the compressional waves 
and the distortional waves through the granitic, basaltic and ultra- 
basic layers of the earth’s crust, give the following velocities of travel 
for the different pulses : — 

Velocity of Velocity of 

Compressional Distortiona^ 

wave. wave. 


Granitic layer . 
BasaHio layer . 
Ultrabesic layer 


6-26 Km/scc. 
6‘21 Km/see. 
7*80 Km/scc. 


3*29 Km/sec. 
3-71 Km/scc. 
4*26 Km/sec. 


^ Geological Survty^ln our Preliminary Account of the earthquake, which was 
bas4‘d on a less detailed analysis of the seismograms, wp provisionally adopted for the 
time of origin a figure of 8 hrs. 43 m. 16 s. G. M. T. H^c. Gtol. Surv. Ind,, LX VIII n 
S1.3. aQ34i. * ’T’ 
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The low value found for the velocity of the compressional wave 
through the uppermost layer is explained as being due to the occa- 
sional presence of the Gangetic alluvium in the path of the wave 
near the top of the granitic layer. 

6. The focal depth and the thicknesses of the uppermost and 
the intermediate layers of the earth’s crust in Bihar have 
been calculated from the apparent delays in starting f)f the various 
pulses with respect to the fundamental distortional wave travelling 
directly from the focus to the observing station. The values found 
arc : — 

Focal depth ....... 14*8 Kms. 

Thickness of granite ..... 14-8 Kms. 

Thickness of basalt ..... 25*4 Kms. 

It is concluded that the primary cause of the Bihar earthquake 
of January 15th lay near the interface of the granitic and the basaltic 
layers. 

7. The scLsmomebric values found for the bulk-moduli of the 
crustal layers in Bihar are : — 

!Lxio->" c. g. s. 

p 

Granitic layer ...... 1IJ*0 

Basaltic layer ...... 2U*2 

Ultrabasic layer ...... 35*3 

In coneliision, the writer wishes to record his in(lei)|.edQe>s t/O 
the Directors of a large number of seismological institutes wiio have 
made the present study possil)le by' giving loan of photostat copies 
or originals of seismograms relating to the eartliquake. The w'riter 
is also grateful to Dr. C. \V. B. Normand, Director-General 
of Observatories, India, fur his continued keen interest in the work. 
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CHAPtER V. 


SEISMOLOQICAL OBSERVATIONS BY THE QEOLOQICAL 
SURVEY OF INDIA. 

(J. A. Dunn.) 

Location of the epicentre and focus. 

One of the principle objects of the Geological Survey investiga- 
tions was to locate the epicentre from tlte evidence provided by the 
graded intensities of damage in the field. Such observations can, 
of course, lead merely to the delineation of an cpicentral tract, in 
contrast to the point location on mathematical grounds, determined 
by seismometric methods. The elongated epicentral tract, enclosed 
by isoseismal X, delineated by the geological survey, indicated 
therefore, the surface trace of the sub-alluvial fracture, wliereas 
Dr. Roy’s epicentres indicate two successive positions from which 
dislocation actually commenced and spread along the plane of 
fracture. The suggestion is of a dislocation commencing E. S. E. 
of Madhubani and spreading rapidly towards the W. N. W. with 
high intensity, contrasting with an extension to the south-east of 
decidedly less intensity. 

The term “ focus ” must be limited to the point at which nxpture 
started along the plane of fracture. We find no reason to disagree 
with Dr. Roy’s calculation of the shallow nature of the focus. The 
narrow elongated nature of the cpicentral tract indicates at once 
a crustal fracture which reached up to the sub-alluvial surface. 


Significance of the trend of the isoseismids. 

The elliptical traces of the isoseismals point to the linear nature 
the centrum. A striking feature of the isoseismals IX-VI is the 
close proximity to each other of the curves to the north-west, east and 

( 76 ) 
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south-east of the area affected by the earthquake and their gradual 
opening out at the western end. 

The pronounced indentations and the close similarity of the 
curves on their eastern sides fonn a conspicuous feature — although 
in case of isoseismal VI, from the meagre evidence at our disposal, 
this irregularity could be modified as is shown by dotted lines in 
the map, Plate 2. North of the Ganges the easterly bulge of iso- 
seismal IX at Purnea, the eastern-most limit of the slump zone, is 
repeated in isoseismal VI north-east of Dhubri suggesting an exten- 
sion of the fractured zone* in this direetion up the Brahmaputra 
valley. The pronounced indentation of isoseismal VI along the 
western edge of th(* (biro Hills finds a repliea in the westward indenta- 
tion of isoseismals VI 1 and VIII west of Dinajpur and Katihar 
resjiectively. F»irther south the (‘orresponding bulges in isoseismals 
Vlll-VI are found east of Bhagalpur, west of Malda and east of 
Netrokona respectively, thus providing a continuation of the Patna- 
Mongliyr licit. Furtlnu, the zone of higher intensity within isoseis- 
inal \^JI, extending from Allahabad through Gaya to Dumka, has 
a correspondingly conspicuous bulge of isoseismal VI to the west 
towards Bundi in Hajputana, and to the east isoseismal VI extends 
to Dacca ; this zone from Bundi to Dacca, -^^ome 9(K) miles in length, 
is a remarkable feature of the earthquake. 

We have alien dv iiKmlioiK'd the peculiar local increase in inten- 
sity at Guttaek and the isolated area of decre.ise north-east of 
Gauhati. The increase at Gutta<*k may be related to the deltaic 
conditions at the mouth of the Mahanadi, and the jxitch of decreased 
intensity in the Brahmaputra valley may arise from a local thinning 
of the alluvium ; on the other hand, both may be a part of the 
peculiar more or less regular alternation in dc'gree of severity out- 
ward from the epicentral tract of North Bihar, an alternation which 
includes also the Patna-Monghyr belt, the Bikram-Bihar and Allaha- 
bad-Dumka zones and perhaps even the Nepal valley. This feature 
is best illustrated by a graph, fig. 7, which may be taken to diagram- 
matically represent the variation in intensities from Katmandu, 
through the epicentral region and south over the Peninsula. For 
ordinates, McAdie’s accelerations for each isoseismal are used, and, 
excluding the zonal increase in intensity, the outer isoseismals give 
a smooth hyperbole. On this, are superposed for Sitamarhi, 
Katmandu, Muzaffarpur and Monghyr, the actual accelerations 
determined during the field work. For the Bikram-Bihar, 
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Allahabad-Gaya and Cuttack zones, the assumed acceleration has 
been taken as below that of McAdie for the next higher isoscismal. 


E 



The isoseismal map clearly shows that these alternating zones 
are not concentric to the epicentre, but (apart from the Nepal valley 
area) are roughly parallel to the trend of the elongated epicentral 
region. Although it is probable that the high intensity within 
the Nepal vaUey is due to the alluvial nature of that tract, the same 
interpretation of sub-soil control cannot be made for the other 
zones. The rivers here run more or less from north to south, 
towards the east-flowing Ganges, and all the information which we 
have available points to a widespread distribution of the alluvial 
beds ; if anything, they are aligned north-south, such as the thick 
sand bed of Pumea district. The zones cross the river trends at 
right angles, except, of course, the Patna-Monghyr belt which is 
parallel to the trend of the Ganges, but even the lateral extension 
of this zone crosses the rivers at right angles. Furthermore, 
control of the intensities by sub-alluvial ridges and valleys in the 
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basement rock cannot be an explanation, for the Allahabad- Dumka 
belt crosses alluvium and Archaean country indiscriminatidy, and 
continues west with diminished intensity over Archaeans to Bundi. 
Neither can these high intensity zones be interpreted as due to 
sub-crustal peculiarities in movement of seismic waves radiating 
from the focus, or to wave interference, for in that case a more 
concentric arrangement of these belts would be expected. 

Elsewhere it is pointed out that, away from the epicentre and 
particularly to the south, the movement during the shock tendel 
to be more or less east and west, in a general way parallel to the 
trend of isoseismal X, and parallel also to the trend of the several 
zones of increased intensity. This indicates that somewhat polar- 
ised shear waves, oscillating parallel to the epicentral trend, were 
the dominant movements. This fact is profoundly significant for 
it implies an east- west component as the principal movement along 
the supposed fracture which was the source of the earthquake. 

We hav(‘ then to find an explanation for the peculiar features 
noted in this s(*ctioii : — {<i) the parallel zones of gradually dimini- 
shing high intensity and (b) the general east-west movement under 
the action of shear waves. 

Neither of these facts are ('onsistent with a point origin, and 
in our opinion they can only imply a plane of dislocation. Thi^> 
is in contrast to expcrieuci* in Japan where it has been found that 
the seismic origin of most (‘arthquakco is small, mere points on a 
map, and origins of linear form or irregular shape are rare. In- 
deed, this has led Nohuji Nasu (1935, p. 2) to sav— “ The focal- 
lirjc or focal plane, Iiitlu'rto regarded as common forms of earthquake 
origin, cannot exist in reality H(‘ also remarked (1935, p. 1.) ; — - 

indications are that earthquakes occur as a result of 

cliaiiges in th(‘ physical and chemical properties of rocks, and not, 
as lias been usually regarded, as tlie result of fractures in the earth’s 
crust througli sudden yielding to slow increasing strains.” On this 
view the faults are nothing more than the mere accompaniments of 
these sudden changes that take place in the rocks at far greater 
depths than originally imagined, Nasu’s view following Oldham's 
explanation of bathyseisms based upon Fermor’s theory of changes 
in the eclogite shell. However, Nasu’s insistence on a point of 
origin for the destructive seismic waves receives no support from 
such extensive earthquakes as the Bihar shock or the great San 
Francisco shock of 190G. For these a focal-plane is definite enough, 
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and was certainly conclusively proved for the San Francisco shook 
where a movement of up to 21 feet along the San Andreas fault, 
270 miles in strike length, was detected. Whatever may be the 
experiences in Japan the theory of point origins should not be 
lightly applied to other regions, and we discard it for the Bihar 
shock. The fact that the Bihar fracture commenced from a point, 
as discussed elsewhere, is quite a different matter from the above 
considerations. 

We have, then, retained the view of a facture as the origin of 
the Bihar earthquake, in keeping with the trend of tiie isoseisraals, 
and the direction of oscillation of the shear waves indicates that 
movement was largely horizontal, along the fault. Such a fault 
may be aptly termed a lateral shear fault, but Bailey Willis prefers 
the term strike-slip fault. We have still to explain the parallel zones 
of high intensity. There is no explanation which we can advance 
with confidence, but at least one hyf)othesi8 does perhaps fit some 
of the facts. It is suggested that as a r(*sult of a general west(*rly 
movement of this part of the Peninsula the ^^hole of the country 
north of an east- west line striking south of Allahabad and Duinka 
was in a state of strain before the eartlnjuake. The strain reached 
a maximum along the IVIotihaii-Purnea belt, north of w'hich th(‘ 
movement was either nil or to the east. On fracturing along this 
belt the elastic rebound of the wliole zoiu' to the soutli was partly 
taken up by a sudden distortion f)r even occasional fracture in 
parallel belts (fig. 8). A slight variation of this view is tlie i)ossi- 
bility that the alternating streisses caused by rapid oscillatimi of 
the crust during rebound would set up a parallel series of fracture 
zones each emanating from an irregular interface between rocks of 
markedly different elasticity — comparable to the so-called “ fatigue 
cracks ” in materials. 



Fig. 8. — Uevelopmeai of parallel stress zones, BiharoNepal earthquake. 
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Lest it be inferred that such parallel movements should be 

apparent in seismograms to the south, as an earlier phase to the 
main pulse, it has been pointed out elsewhere (p. 83) that these 
secondary movements cannot take place sooner than the time taken 
for shear waves from the main focus to reach these belts. As the 
shear waves travel more slowly than P waves the seismic waves 
from the subsidiary movements must remain incorporated in the 
general seismogram of the main shock. 

In this discussion of the significant trend of the isoseisinals and 
of the b(*lts of higher intensity we have ignored wave interference 
as a possible e3q)lanation. Of the principal destructive vibrations 
east-west oscillating shear waves were the dominant components, 
nortJi-south condensation-compression components having little effect. 
W(‘ see no way in which there could have been such amazingly 

r(‘guhar reinforcements of the shear waves as to give rise to these 
belts of higher int<‘nsity, except by further actual shearing. 

V\’e put for\N’ard our sugtrestion with some ditfideiice : it is 
perhaps the natural view of the g(*ol()gist and possibly ignores 

certain properties of seismic waves with which we are unfamiliar. 

The ^^idth of the strain zone (10(> miles) postulati^d south of the 
actual fracture is pen haps gn‘ater than most geologists would admit. 
For th(‘ San Francisco (‘artlnjuake Keid has remarked that the 
strain zone could not have been more than 5G miles in width, and 
that measurable movement was limited to a belt less than 6 miles 
in width (1935, j). 95). We admit the difficulties, but would point 
out that we have here in Bihar a region of massive giu'issic rock^ of 
great thickm‘ss, and the elasticity of which would be greater than 
that of younger bedded rocks. 


Time of the earthquake. 

The time of origin of the earthquake as interpreted from the 
seismograms has been already discussed by Dr. Koy. Ho has 
concluded that the first preliminary tremors began at 8 h. 43 m. 21 s. 
G. M. T. or 14 h. 13 m. 21 s. I. S. T. In our preliminary account 
of the earthquake (Auden and Ghosh, 1934, p. 213) the time of 
origin was considered to be 14 h. 13 m. 15 s, I. S. T., a figure which 
was based on a less detailed analysis of the seismograms. 

It is interesting to note the accui’acy of local records as compared 
with those of the seismograph stations. As was the experience 
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in previous earthquakes, no reliance can be placed on the majority 
oftime estimates maio in the earthquake area. In spite of the 
fact that railway stations and telegraph offices are supposed to 
receive Indian Standard time every day, estimates given by the 
observers varied greatly. In Bettiah, the Postmaster gave the 
time as 14-05 while the Station Master stated it was 14-15. An 
accurate clock belonging to Mr. Elms, Manager of the Bettiah liaj, 
stopped at 14-12. Mr. Kilburne, of Katmandu, gave the same 
time — 14-12. His watch is checked daily by wireless. The clock 
of the Muzaffarpur Telegraph Office stopped at 14-15. That in 
the tower of the Secretariat building at Patna stopped at 14-16, 
evidently some time after the earthquake began. 


Duration of the shock. 

Within the area over wliich the shock was felt severejy the times 
given for the duration of the shock vary considerably from 2J to 5 
minutes. Taking into account the actions of many people and tlie 
distances they moved during the shock and the experiences they 
underwent the period of 5 minutes can be quite readily accepted. 

Most observers noticed more than one shock, the majority re- 
ported two. No clear distinction in the duration or number of 
felt shocks could be made out for different parts of the area of higher 
intensity. 

The great duration of the shock must be attributed largely to 
the length of the fracture. Tlie fact that the greatest damage did 
not take place until the lapse of over two minutes may also Im 
attributable to the same reason. As Reid has pointed out, at the 
time of intitial rupture the rigidity of the rock would prevent large 
movements of the two sides of the fracture, but as this increased in 
size the movements would become greater, giving rise to the severest 
moments of the shock. One might compare this view with Dr. 
Roy’s interpretation of an early movement emanating from lat. 
26° 18' long. 86° 18' with, 11 seconds later, a movement of greater 
intensity further W. N. W. at lat. 26° 21' long. 86° 12'. Reid 
(1933, p. 99) also remarks that the “ friction at the fault would make 
these movements . irregular, so that the vibrations sent out would 
not be a steady, strong series, but would vary so much in intensity 



SEJSMOLOGICAL OBSERVATIONS BY GEOLOGICAL SURVEY. 83 


that ihey would produce the effect of strong shocks separated by 
weaker intervals.” The duration of the severest part of the shock at 
any one place is also partly due to the length of time taken by the 
vibrations to arrive from distant parts of the fracture. It should 
be remembered that the fraefure itself cannot extend faster than 
the fastest or compressional seismic waves and probably lags soine- 
wliat behind. If then, the fracture started near Madhuljani and 
the first compressional waves took a second to reach, say, Sitamarhi, 
the vibrations from the fracture at Sitamarhi would not be felt back at 
Madhubani until at least 2a seconds later. The time might well be 

3a seconds, for in the more distaiit parts to which the fractur(' 

extends the strain will be at first much below the breaking limit 
and time will be required for the elastic stresses at anv point to 
build u]) to the breaking limit. 

W'e have not been able to note any consistent variation in the 
felt duration of the shock from point to point in the epicentral 
region, as recorded by local people. It is unfortunate that more 

particular attention was not ])aid to this aspect of the shock, as 

a elosiT coniparative study of its duration may have thrown some 
liglit on the direction of sprt'ad of the fracture, independently of the 
evideiK e provided by Dr, Roy. 

We have already pointed out the probability that the elastic 
strain from which the eartlujuake originated occupied not a mere 
plane but a large volume of the crust, extending perhaps as far as 
100 miles out from and parallel to the eventual fracture. It should 
not be inferred from this that the vibrations at any distant point 
within the strained area should be felt before the arrival of the 
elastic waves emanating from the fracture itself. The shear strain 
is first relieved by rebound along the sides of the fracture, these 
rebounds, of gradually diminishing amount, are transferred out- 
wards from the fracture, but at a speed not greater than the shear 
waves set up at the fracture itself. Hence, even at a distant 
station far beyond the strain zone, the vibrations emanating from 
any near part of that zone cannot arrive before the vibrations set 
up at the initial point of fracture. The compression or P waves 
from any point of the strain zone will necessarily lag far behind 
tliosc from the original point of fracture, as the shear waves which 
gave rise to rebound at such point within the strain zone move 
more slowly than the compression or P waves from the original 
point of fracdure, 
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Intensity. 

An approximate idea of the horizontal component of acceleration 
is obtained from measurements of fallen objects using West’s 
formula : — 

f=iiL 

y 

ft is usually impossible to state whether or not the fallen objects 
had swayed prior to falling. Eye witnesses frequently noticed 
the sway of objects and it is certain that some of the pillars and gate 
posts did so as well. The most serious likely source of error is that 
objects, such as gate posts, often move laterally on their base before 
falling so that their hinge point is often not the outer edge and the 
value of X is therefore often smaller than the measurement usually 



taken, as in fig. 9. Hence calculated values for acceleration may be 
sometimes in excess of the actual values. Measurements were 
taken only of objects that had fallen from their base. The calculated 
values for acceleration are given below : — 


Monghyr . 
Sitamarhi 
Mustaffarpur 
Pipra 

Rampur Hari 

Katmandu 

Pusa 


3,270 mm. per sec. per see. 
3,000 

3,060 to 2,647 „ 

2,943 


2,400 


2,048 


1,600 


Of these values that for Monghyr was calculated from the measure- 
ments of a gatepost which could not possibly have moved laterally 
before overturning, as the shape of the fracture at the base was 
such as to prevent it, 
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It is remarkable that the shock in Nepal failed to overturn many 
of the stone columns supporting images (Plate 25, fig, 2). These 
columns were cut from single blocks of stone, and were presumably 
deeply set into the ground. If not deeply set, the centroid of 
gravity would have been high, and the columns would inevitably 
have fallen. Some of the overlying capitals did fall, such as that 
in Hanuman Dhoka at Katmandu, and these were found to have 
deep tight ly-fitfing sockets. Good cinftinanship, good rock and 
deep setting were evidently respon<^ible for the frequent escape of 
these structures. 

The amplitude of vibration vvas dett'rmmed by the use of the 
formula : — 

4 X (x^+y*) 

3y* 

and gives figures ranging from 30-8 cins. or 12 inches at Muzaffarpur 
to 13*31 cms. or 5*2 inches at Katmandu. The range, or double 
amphtude, will be respectively two feet and 10*4 inches. 

Railway sleepers along a line orientated north-south near Motihari 
had pushed the ballast into piles, leaving gaps varying from 8 to 
12 inches in width. If these figures are an indication of the true 
double amplitude, it is pos.sil)le that the figures obtained by the 
use of the above formula for amplitudes in the Muzaffarpur-Cham- 
paran area may be too large. Near Udaipur Garhi, in Nepal, a 
stone was dislodged from its position on sod by nine inches. The 
amplitude would then be U inches. Ho'\ever, tlie rohabilily of 
measurements provided by such sleepers and stones, whose lateral 
movement is likely to increase with every vibration, is very doubtful. 

The period of vibration was determined by the use of the formula 
for simple harmonic motion : — 

47r® a 

This varied from just below two seconds to 1^ seconds. As the 
motion was certainly not simple harmonic, the values of these 
figures arc probably not very accurate. 

In the Preliminary Report Dr. Coulson was quoted as having 
determined for Calcutta (isoseismal VI) the value of the acceleration 
(150 mm. per sec. per sec.), amplitude (15 mm.) and period (3 secs.) 
from measurements of the displacement of the horizontal pendulum 
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of the seismograph in Calcutta. This quotation is incorrect as the 
acceleration was merely calculated from an assumed amplitude of 
15 mm. and period of 3 secs, (giving an acceleration of 70 mm. 
per sec. per sec.), and not from measurements of the seismograph 
records which were incomplete. Dr. Coulson thought that the 
acceleration would actually be nearer to 150 mm. per sec. per sec. 
in which case the values for amplitude and acceleration would also 
be correspondingly different. It is very likely that the accelera- 
tion in Calcutta actually reached 250 mm. per sec. per sec. 

There is unfortunately very little evidence as to the extent of 
the vertical component of the earthquake waves. The thuds that 
were felt throughout the badly affected area certainly indicate tliat 
this was considerable. One observer at Monghyr statecl that he 
saw a house lifted vertically, and then sink and shatter. In 
places the vertical acceleration must certainly have exccede*! that 
of gravity. 


Direction of fall and movement. 

On Plate 4, is shown the directions of fall of pillars, chimneys, 
water tanks, etc., and movement of hanging objects. An arrow 
is given where the direi^tions of fall are mainly to one point of the 
compass ; when equally to two opposite points, a line is shown. 

A large proportion of buildings and structures in Bihar and 
Nepal are orientated north-south. A pillar so orientated will fall 
to one of the cardinal points, since it would not fall diagonally. A 
single movement of the ground in, say, a N.W. — S.E. direction 
would act diagonally, and its forces would be resolved in east-west 
and north-south directions. This possibility should be allowed 
for. In the case of round chimneys, there is no such uncertainty. 
At Katmandu, observers stated that distinct shocks in east-west 
and north-south directions were felt, so that it is probable that the 
directions of fall do not represent resolved parts, but are a true 
indication of the movements. The same remarks apply to the 
swing of hanging objects such as lights and punkahs, for the align- 
ment of the building and of roof and ceiling beams would have some 
influence on the swing of objects suspended from them, particularly 
if the building is not completely rigid. 

In contrast to’ many earthquakes which show a centripetal 
distribution of directions of fall, in the juesent earthquake there 
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was a regional east-west direction, except in the west of the epicentral 
and neighbouring region. Between Hajipur and Sitamarhi the 
fall is fairly exactly to N. N. E. or S. S. VV. It is E. N. E. at Pipra 
and Udaipur Garhi. At Katmandu it was to east or west and to north 
or south. Except for the noith front of Patna, near the bank of 
the Ganges, every place south of the Ganges reported east-west 
movements even as far south as Gan jam in Orissa. There is 
no sign anywhere of a consistent centripetal disposition towards 
a point, or even an area. 

One notable exception to the east-west movement is Calcutta, 
where the direction was consistently more nearly north and south. 
A possible explanation of anomabes is the type of wave dominant 
at a particular point. South from the epicentral tract the more 
rigid Peninsular rocks are quickly entered and the east-west oscillat- 
ing shear waves would tend to remain dominant. Owing to the 
great length of alluvium north of Calcutta these east-west oscillating 
shear waves would tend to be damped out in the loose alluvium 
before reaching Calcutta, and the principal component of the pulse 
may well be a north-south compression-condensation movement. 


H 



CHAPTER VI. 


ACCESSORY SHOCKS— THEIR SIGNIFICANCE. 

(D. N. Wadia.) 

Foreshocks. 

Most earthquakes of tectonic origin are accompanied by accessory 
shocks. Shocks of any magnitude are usually heralded by some 
premonitory tremors (foreshocks), whilst almost every severe earth- 
quake is followed by several hundred and even thousands of minor 
shocks (aftershocks), which steadily decrease in intensity, with 
slight fluctuations, and which continue for weeks, months and some- 
times years. In an area unprovided with seismographs, such as 
Bihar, the foreshocks or other disturbances may be quite unheeded 
if they are of an intensity less than V or IV. In Japan, where 
seismographic registration has been systematically developed, 
the foreshocks, especially when accompanied by slight but prolonged 
tilting of the ground, are novi used as the basis of a system for predict- 
ing the destructive earthquakes which are believed to follow such 
symptoms. This ground tilt, as a precursor of violent seismic 
disturbance, is measured by a delicate type of recording clinometer 
or tilt-measurer (Imamura, ,1930). The subject, however, is still 
a matter of research and the accumulated precise data are as yet 
insufficient to be of practical importance. 

Both the foreshocks and aftershocks are usually most prevalent 
in and more or less confined to the epicentral region of the principal 
quake and in most cases cluster round the central tract enclosed 
within the isoseismal of high intensity. 

There is no recorded proof or reliable information ot foreshocks 
having been felt in the region surrounding North Bihar prior to the 
main shock of 16th January 1934. Mention may be made, however, 
of a number of shocks which were felt on the 11th, 12th and 13th 
of January in some parts of South India, e,g,, Tinnevelli, Polochi, 
Sivakusi and several localities in the Anaimalai hills. On two 
different occasions* earlier in the month a resident of Puri felt slight 
movement of the ground and vibrations ‘ exactly the same as those 
experienced on the 16th instant * ; soon after the shock a distinct 

( sa ) 
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rambling noise was heard. There is no justification for connecting 
these distant shocks with the great Bihar earthquake.^ 


Aftershocks. 

In marked contrast with the absence of foreshocks is the number 
of aftershocks which succeeded the great earthquake of Bihar. 
A total of several hundred aftershocks has been recorded, but 
it is certain that a much larger number of less intense shocks was not 
observed or listed. In spite of this fact the seismic activity had not 
completely disappeared even after a lapse of twenty months, 
although it was greatly diminished ; but seismic activity had all 
but ceased at the close of 1935 and at the time of writing (Novem- 
ber 1930) there is no perceptible sign of the continuation of the 
Bihar earthquake. 

Several smart shocks were felt in rapid succession throughout 
the whole epicentral area during the first two days following the 
main shock ; later, aftershocks rapidly decreased in frequency, 
although scarcely in intensity, duiing the first month. The inten- 
sity of these shocks was marked by many intermittent fluctuations. 
Several irregularly re<*urring maxima and minima can be discerned, 
even at the end of a year, at those centres from which there has 
been anything like a continuous record. 

Table 9 gives the available data of the reported aftershocks from 
the epicentral area enclosed within isoseismal VIII and its immediate 
neighbourhood. The list includes only those shocks which were 
strong enough to be felt by most residents and were subsequently 
reported in the newspapers ; it should be regarded as a statement 
of the more important aftershocks and notliing more. In addition, as 
not even a single seismograph existed in the shaken country, this 
list of individually recorded shocks suffers from a lack of continuous 
or systematic observation. Notwithstanding that the Geological 
Survey circulated instructions regarding the urgency and import- 
ance of carefully recording these later shocks in as many centres as 
possible, and that the officers who toured the damaged areas also 
conveyed verbal advice on this matter to the local authorities, no 

^ 8ee p. 381 of Pt. 11, of this Memoir. 

• We make grateful acknowledgment to S. Khuda Buksh, Eaq., Indian Police 
(Retired) of Patna, for use of his carefuUy compiled list of newspaper reports of earth 
tremors felt ip Bihar after 16th January 1934 and continued to February 1936. 
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systematic day to day record has been kept by any Government 
department or private agency in the region. The list, although 
obviously incomplete, is the best that can be arranged. At many 
places several severe aftershocks have not been recorded whilst less 
intense shocks have been noted with some regularity ; from other 
important places within the central seismic area, such as Nepal, 
Monghyr and Purnea, records giving even approximate data have not 
been received. 

Following the Assam earthquake (1897), Kangra (1905) and some 
smaller Indian earthquakes, the Geological Survey investigations were 
materially assisted by local groups of people who, at a number of 
centres, systematically compiled details of subsequent shocks and 
tremors. 

Although the imperfections of Table 9 must be acknowledged, 
it is nevertheless capable of furnishing some useful information, as 
will be seen later. 

Tables 10, 11 and 12 give the seismographic records of the after- 
shocks which were registered at the Observatories of Alipore 
(Calcutta), Agra and Colaba (Bombay). 


Table 9.* 

More perceptible aftershocks, reported mainly in the newspapers. 


Ye»r. 

Date. 

Time 
(I. S. T.). 

DuraUon 
of ahocka 
(to 

aeconda). 

Station and deacrlpilve detalla. 

1 



H. U. 



1934 

Jaouery 15 to Janiuiy 
25. 



RUiifuri . — Almoat daily . 


IStii January 

About 

17 00 
and 

21 00 

•• 

SiHguri.— f Two ahocka. 



.. 

(.7 or 8 ahocka at night. 


15-20tta „ 


•• 

Eatmandu.— '128 ahocka to tU daya. 
Patan . — V No conalderable damage. 

Jihatgfum . — J 


15th January 

10 80 

.. 

Bajipur~One ahock. 



19 80 

.. 

Waritmmr, Darbkanga didrict. Om ahock 

99 

M 

20 00 

.. 

Mtgffarpvf. 

•• 


20 80 

A few 
•eoonda. 

Bagdogra, Dmritelimg rftatrW,— One atock. 


»» • 

21 00 

.. 

ifofiAart.— One ahock. 

>9 


22 SO 

•• 

A/ua^afpur.-Sfaileklng and howUng of 
pado'atrlcken mob to baaaar. 


• Kindly compiled by Mr, A. S. litttt. 
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Table 9 — corM. 


Year. 

Date. 

Time 
a. S. T.). 

Duration 
of ahocks 
<la 

seoooda). 

Station and descriptive details. 





H. X. 



1034 

I5th Janoarf 



28 30 


MMpur, 17 m. N. W. ef Mutajfarpur, 

.. 

.. 



Night 


4*?itemarAf. —Shocks felt 10 times. 


Idth January 



00 00 
midnight. 


Molihari. — One shock. 

•• 

- 



00 00 
midnight. 


Muzaffarpur. — One shock. 


*• 



0 20 

15 

(TofoJkApur.— Perceptible shock. 


19 



00 30 


Hufipur. — One shock. 

.. 




1 16 


Muxqffarpur. — One shock. 


- 



1 20 

A tew 
seconds. 

Bhagtilpur. — One shock ; no dam.agc. 

M 




1 30 

3 to 5 

Piwa. — Tremors 


.. 



1 30 


Motipur, 17 m. N. IT. of Muzaffarpur. 

M 




2 00 


Darbhanga. — One shock. 


» 



2 80 


Muzaffarpur. —One shock. 


M 



3 15 


Muzaffarpur. — One shock. 

.. 

.. 



4 00 


Pu$a — One shock ; were rcH-klnfr 


M 



4 30 


Motipur, 17 m. a . If. of Muzaffarpur. 





6 00 


Motihari. — One shock. 

.. 




5 30 


llajipur. — One shock. 

.. 




0 00 


Muzaffarpur . — One shock. 

.. 




6 00 


Pura. — Rumbling noise. 

>, 




0 00 


Pura —One tromor with rumbling sound. 





0 30 


Motipur. 17 m. N. IP. of Afttzaffarpur. 

» 




8 00 


Muzt^ffarpur. 

M 




10 00 


Muxaffarpur . — One shock. 





10 00 

60 

Jamui. 

.. 




10 00 

60 

Gawan. 

M 




10 10 


Motihari.— One shock. 

.. 

„ 



10 20 


Zfuxiir. — One feeble shook. 

- 

- 



10 25 

6 

Pum. — Ono moderate shock irlth up and 
down movements. 

II 

»* 



10 80 


Bikar . — Strong shock 

91 

II 

II 



10 30 

10 SO 

A few 
Moonds. 

Bhoffolpur.— One shock ; no damage. 

Uarbhanga . — One shock. 

*' 



’ 

10 SO 


Ruthtra Okat.— One shock. 
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Table 9 — oofOd, 


Year. 

Bate. 

Time 
a. 0. T.). 

Buration 
of shooks 
(m 

eeoondf). 

Station and deeorlptive detalla. 




H. M. 



1084 

16th January 


About 

10 80 

About 6 
•eoondi. 

Oopalffanj, Sttran dittrid . — One ahook. 

tt 

„ 


10 80 

.. 

Hajipur . — One shook. 


99 


10 80 

2-8 sees. 

Pofno.— Mild shook. 


99 


10 80 

60 

Motihari . — One shook. 

» 

»f 


10 80 


MoHpur, 17 m. N. W. oS MiiMffarpur . — 
Quite large shook ; rattling factory. 

t« 

99 


10 80 


Mtizc^arpur . — One shook. 

t» 

99 


10 80 

60 

Okamparan. 

t» 

99 


10 80 

60 

Sontpw. 

•> 

99 


About 

10 SO 


Sitoan, Sarmn didrict . — A slight tremor. 


19 


10 40 


BAanted. — One tremw. 


„ 


.. 

.. 

IktUing Sarai . — Smart shook. 


„ 


11 00 


Darbkanffa . — One shock. 

M 

„ 


11 00 


BaUipw . — Moderate shook ; rumbling noise. 






SUamarhi . — 8 or 4 shocks dnrl^ the day. 
Birectlon of shook from N. W. 


99 


Noon. 


Patna . — One severe shook. 


99 


Noon 


Darbhanifa dUtrict . — Three minor 

M 

99 


14 00? 


Mvtaffarpur. 




14 17 


Sonapw . — Smart shook. 


” 


20 00 

Between 
20 00 
and 

21 00 

5 

Khoribarit DarjeeUng dittrict . — One moderate 
sho<dE. 

Patna . — Mild shook. 




About 

22 00 


Qopaiganj, Satan dittrict. — One alight ahook. 

f> 



22 80 


McHputf 17 m. N. W. of Mutaffarpitr. 

91 

99 


About 

22 80 


Siwan {Ohapra), — One shook. 

91 

9 9 


Night 

, . 

SUamarhi. — Shooks felt 6 times. 


99 


Night 


Warimattor, Darbhanga dUtriet. — Some 4 to 
6 shocks. 


» 

• 

Not 

known. 


Baodofta, DarjuUng dittrid. — One alight 
snook. 


17th Janaary 

- 

Between 

2 00 
and 

4 00 


PaffM.— Two alight shooks. 
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TABI.E 9 — amid. 


Year. 

Date, 

Time 
(I. S. T.). 

Doration 
of shocks 
(In 

seconds). 

Btation and descriptive detuUs. 

. 



H. M. 



1084 

17th January 

2 00 


Kurttong. 



2 80 

8 80 


17 m. AT, M'. of Mazoffarpur. 


>9 • 

12 06 


Motihari. — One mild shock. 

.. 

1. 

12 20 

30 

Jomui.— One shock. 

•• 


16 00 


BaUipwr {Tirhut dulrict).— Slight tremors. 


»> • 

16 00 


Httjxpur.—One shock. 



21 00 

2 

Mungpo, Darjeelxng dutrui. — One rather 
strong shock. 


fi 

Night 


6'itomorAt.— Shocks felt 8 times. 


.1 

Night 


Muzajfarpur. — Three shocks. 

» 

.1 


.. 

Laukaha, Darbhartga dxstrxct. — One shock. 


18th January 

Midnight 
00 00 

•• 

MUxpuTy J7 m. If . W. of Muzajffarpur. 

*> 

It • • 

00 05 

60 

Jamui. — Shocks lasting 60 secs. 

*1 

If • 

00 06 

About 

8 secs. 

Khoriban, DarjeHing didrirt. — Two or more 
strong shocks. 

i* 

i/ 

00 20 

30 

Gorakhpur. — Smart shock, doors and 

windows rattled. 


II 

2 80 


Molxpur, 17 m. N. H’. of Muzaffarpur. 


it • • 



1 aukuha, Darbhanga district.— One shock. 


10th January 

00 00 

00 

tfitaniarhi. — Smart shocks : Motihari, 60 
secs., Hatgawan, 120 secs. 

.. 


00 00 

30 

Gorakhpur. — Moderate shock 

» 

If 

00 12 

30 

Giridih.- One shook, 60 secs. 


If • • 

00 16 

120 

120 secs. 



00 20 

40 

Vhatra. — One shock. 


If 

00 21 


Motxhari. — One shock. 



00 80 

46 to 60 

Deoyhar. — One shock of moderate intensity. 

• > 

1 

00 30 

30 

l‘akur.— One shock. 

t* 


1 00 

•• 

Mohiuddinagar, Darbhanga district.- -One 
shock. 

II 


1 20 


Darbhanga.- One shock. 

I* 


4 06 

About 

6 secs. 

1 Khoribarit Darjeeling district. — Two rather 
strong shocka. 

If 


16 00 

i a sec. 

Mxtngpo, Darjeeling district. — One shock; 
not strong. 

Sitamarki. — One shock. 

OoMian.— Tremors. 

•• 

$9 • • 

Night 

Night 

120 
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Table 9 — cotM. 


D»to. 

1®84 ipth January 
ft 10/20th January 

w 20th January 


Duration 


Time 
a. S. T.). 

cl 

seconds). 

H. M. 


Night 


00 00 
midnight. 

Not over 
15 secs. 

00 00 
midnight. 

Very 

short. 

00 05 


00 08 
to 

00 12 

60 

00 10 


00 

12 

180 

00 

15 

15 

00 

15 

120 

00 

16 

8 to 10 
seconds. 

00 

16 

50 

00 

18 

About 

60 sees. 

00 

20 

About 

40 secs. 

00 

20 

60 

00 

20 


00 

22 

30 

00 28 

2 or 3 

00 23 

00 25 

A few 
seconds. 

A few 
seconds. 

00 25 

40 

00 80 


00 80 

60 

00 80 

60 

00 80 

. . 

DO 80 

80 

00 80 

80 


Station and deacrlptlYe detailB. 


LauJtaha, Dorbhanffa dUtrid.—OM ihock. 

Khagoul, Patna . — One shook the effect of 
which was to enlarge the previous cracks ; 
no other damage. 

Motikari.—Oht shook. 


Naioada^ Qaya dittrid . — One shock of very 
slight intensity. 

ChaTpra Kaehari Raihoay Station . — One 
shock. 

DaUongani . — One strong shock accom- 
panied by buzzing sounds. 


Samadipur . — One smart shock. 

HflzoriftapA.— Several shocks In quick suc- 
cession ; another shock after 10 minutes. 

DaUonganj . — Smart shook. 

Dhatibad . — Severe tremors. 

Pu»a . — One shock rousing people from 
sleep ; movement from north to south. 

Jalpaiguri. 

Kitfiangan), Pumea didriri. 


DarjerMng . — One shock of slight severity ; 
no damage. 

Pratabpwr. 

Mtttaffarpur . — One shock. 

Marhatprah . — Tremors accompanied by 

feeble noise. 

Mazaffarpur . — One slight shock ; no casual- 
ties but the shook caused damage to 
buildings. 

Nayagoan (Sonepur ). — Strong tremors. 

Bkagalpar . — One mild shock ; no damage. 

Bihar . — One strong shock. 

(7onda.— Three mUd shocks. 

Bwoar . — One shock. 

Oha mp ara n . 

Dumri. 

Dtoghar . — One sharp shook. 

Pakaur . — One shock. 

— One shook. 
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Table 9 — cotOi. 


Tear. Date. 


1034 20tb January 


21st January 


22nd January 


23rd January 


24th January 



Duration 
Time of shocks 
(I. S. T.). (In 

seconds). 


Early 
hours 
of the 
morning. 


Midnight 
00 00 


Station and descriptive details. 


Hajipur. — One shock. 

MoUpur. — Big shock. 

Pakmau. — Several tremors. 

Patna. — The shock reawakened the city ; no 
oasoalUes but many buildings which had 
been damaged, collapsed. Direction 
N-S. 

MoHhari. 

Kathmandu (Nepal). — One perceptible shock. 

Motipur. 

Madhupur. — One sharp shock lasting about 
a minute. 

^3fo«ptir. — Moderate shocks. 

Darbhanffa . — One shock. 

Lauiaha, Darbhanga district. —One shock. 

Karmatar. 

Motipur. 

Berhampore. — One slight shock. 

Madhepore, Darbhanga district. — One shock 

Bwcar. — One shook. 

.9(tomarM.— Shocks felt twice. 

Motipur t 17 m. N. W. of Musaffarpur. 

Pusa. — Moderate shock, Ugh tremors 
could be felt at times up to the 27th 
January. 1934. 

Motipur. 

Mutajfarpur . — One slight shock. 

Murajfarpur . — Two shocks. 

Madhepore, Darbkanga distriel. — One minor 
shock. 

Motipur, 17 m. N. W. of Muzaffarpur . — 
Bother large shock at 21-30 hours* 
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Tablb 9 — ootOi. 


Yew. 

D«te. 

Time 
(I. 8. T.). 

Duration 
of ihooks 

(in 

aeoondf). 

Station and deeorlptiTe details. 



H. M. 



1938 

26th January 

0 00 


B 0 Uo«en Borh and Pandarak (Naar Paina).^ 
Great founda undergound followed by a 
momentary vibration. 


99 • • 

Night 


iSttamorM.— One ahook. 


26th January 

Night 


Sitomarki . — Shock felt onoe. 

„ 

27tb „ 

16 SO 


Pumea. 

9> 

28th 

1 00 


Motipur . — Large shock at 1-00 hour ; 

everyone rushed out. 


99 • • 

8 00 


MuMoffarpur. 


” 

16 00 

22 00 


l-ifofijtur. 

„ 

99 • • 

Night 


LaukahOt Darkkanga didrid . — One shook. 

ft 

19 • • 

Night 


Sitamarki . — Shooks felt thrloe. 

„ 

29th January 

.. 


Ohapra , — One smart shook. 


99 • • 

1 00 


Darblianga . — One shook. 


99 • • 

6 80 


Afotipiur . — Boof rattled. 

99 

80th January 

Night 


Sitamarku — Shook felt onoe. 

99 

»# • • 

22 00 


Motipur. 


. ! 

.. 


Muuiffarpur . — One shook. 

99 

81ft January . 

6 15 


Motipur. 


i» • • 

Night 


Laukaka, Darbhanga diitrid . — One shock. 


8iit(r) „ 

Night 


Muxaffarpur . — One slight shook. 

, 

lit February 

18 30 


Jale, Darbkanga dirtriet . — One shook. 

99 

99 

2n<l ti * • 

21 50 

21 46 


^Motipur. 

- 

99 • • 

23 30 

180 

Kkepupara, Bakwrganj dUtriet. — Mild 

shocks. 

99 

4th February 

2 25 


Muxaffarpur.— Ont shook. 

99 

»» • 

Night 


Sitamarki. — Shook felt onoe. 


&th February 

2 10 


Darbkanga. — One shock. 

99 

»i • • 

2 20 


Muxaffarpur. — One shook. 

99 

n 

2 19 


Puta. — One slight shook. 



to 


Muxaffarpur. — Shook lasted a few seconds. 

99 

99 

M • • 

Night 

15 60 


Sitamarki. — Shock felt onoe. 

Muxaffarpur. — One shook. 
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Table 9 — eonld. 


Year. 


Date. 



Btatlon and desorlptlve details. 


1984 


8th February 


10th Febmary 


nth February 


8 80 
20 00 
Night 
20 28 
Evening 

00 45 

10 16 
to 

10 80 
20 28 
20 80 
Night 


u 


Araria, Pttmta duirid. — One shock. 

Naira Dumka . — One rather strong shock. 
RaoMtul. — Severe tremors. 

PuM.— Slight shock. 

Darbhanfftt. — Shook punkhas ; new cracks 
developed. 

.drofia, Pumea dittrid, — One shock. 
Dor&AoMpa. 


MotihaH . — One shock. 

Eajipur . — One shock. 

Mutuffanw . — One shock of moderate 
Intensity. 


12th February 

n 


18th February 


Night 
Night 
8 80 
0 80 


SUomarki . — Shock felt once. 
Raxattl . — Fmther shocks were felt. 
Madhuri . — One shock. 

Eajipur . — One shock. 


0 80 

About 
0 80 

0 85 

9 40 

28 02 


Bampore . — One severe shock. 
Mvtaffarpvr . — One shock. 


Samrudj ^. — One shocjc from northerly 
direction. 

Rasnul . — One shock of moderate Intensity. 

'ihaneu.- ^ 

ing to Mr. A. M. Qhosh). 


16th February 

16th February 
17th February 


2 00 


SiUmtarM . — One shock of severe intensity ; 
a number of fissures appeared in the 
groniui, from which water gushed out. 

Madheparut Darhhtmga . — One minor shock. 


28 00 
16 80 
0 00 


Eajipur . — One shock. 

Madhuport^ Darhhunga . — One ordinary shock. 

Madhupart. Durhhemga didrid . — Another 
similar shock. 



6 08 

8 00 

8 80 

8 80 
to 

9 00 


Lohedi Darbhanda didrid . — One shock. 
Kmuriput Madhuri Didrid.— Oirt shock. 
ModhttH. 

XeJM.— One shook. 









98 


B1HAS-N5PAL BABTHQUAKB OF 1934 
Tabi£ 9-~contd. 








ACCESSORY SHOCKS — THEIR SIGNIFICANCE, 


99 


Table 9 — cmtd. 


I 


ICMiWMM 


Station and descriptive details. 




H. 

M. 1 



1034 

1 4th April 


► 



Jaipur {near Darjeeling f).— One shock. 


20th April . 



45 

15 

'1 A lew 
> seconds. 

DarbJianqa. — Two shocks ; the second shock 
was followed by a loud rumbling sound ; 
no damage. 


25th „ . 


Morning 


Madkuhani — Two more shocks preceded by 
usual rumbling sounds ; shocks not of 
much Intensity. 

•• 

30th . 


ll7 

00 

30 

} ■ 

Monghyr, — Two more shocks ; the second 
shock was sharp though short 


8th May 


About 

8 30 


Muzaffarpur. — One shock ; a peculiar sound 
Just preceded the shock. 

” 

20th „ 


11 

30 

About 

6 secs. 

North of Muzaffarpiir dintrirt. — One shock of 
moderate Intensity. 

.. 



11 

30 


Sitamarki. — One shock. 


. . 


10 

40 

A few 
seconds. 

Darbhanga. — One rather strong shock. 

.. 

lit June . 


12 

00 

? 

Bhagalpur. 

.. 

M 


2 

00 


Motiluiri. 




. 



Sitamarki. 


2nd June . 


About 

00 30 


Monghyr. — One smart shock. 

” 

” 


00 

50 

20 

Darbhanga. — One shock of great Intensity ; 
no considerable damage excepthig slight 
cracks In the bouses and the collapse of u 
few mud walls. 


. 


1 

00 


Chapra. — One shock ; no report of any 
serious damage. 




1 

00 

About 

5 secs. 

Mvzaffarpur. — One shock of considerable 
intensity ; a peculiar humming noise 
preceded the shw k ; people became 
panic-stricken, left their l>eds and ruhhed 
to the open. An earthquake shock of 
considerable intensity was also felt In the 
Interior of the district. 




About 

1 00 


Patna.— One shock. 

M 




30 


iftf/a, near Sitamarki. — Moderate Intensity, 

•• 



About 

2 00 


Pumea.— One shock of moderate Intensity ; 
no damage. 

" 

»» • 


2 

8 

00 

to 

00 

•• 

Bhagalpur. — Two shocks; first slight, second 
sharp though short. 

„ 



4 

00 


Riga —Shock of moderate Intensity. 

„ 

U ‘ 


11 

20 

2 

Naya Dumka.- One shock. 




11 

30 


Monghyr. — Two successive shocks, one of 
which was rather strong. 
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Table 9 — contd. 


Year. 

Date. 

Time 
(I. S. T.). 

Duration 
of ihocks 
(In 

eeoonds). 

Station and desorlptiye details. 




H. M. 



1084 

20th August • 


0 16 

About 

2 sees. 

JDarbhanga. — One shock of high intensity ; 
visible cracks appeared on a good many 
buildings and some houses fell. 


» 


0 80 


Ouifa. — One mild shock. 


.. 


0 80 


Ja^€^ri. — One shock of moderate Inten* 


.. 


0 80 

About 

40 secs. 

Sitamarhi. — A very sharp earth tremor ; 
no casualty. 


80th August 


17 46 


MuzaJJarpur. — One slight shock. 

II 

23rd September . 


14 46 


Darjeeling and several North Bihar Nations. 

■' 

14th December* . 


10 80 


Madhepore^ Darbhanga. — One shock with 
rumbling noise. 

•• 

16th „ 


About 

7 80 


Raxaul . — One slight shock. 

- 

18th 


4 00 

A few 
secs. 

Bhagalpur . — One slight shock ; no injury 
or damage. 

»> 

• 


4 45 

2 

Mutaffarpur.—Ou^ shock of slight inten- 
sity. 

1086 

10th January 


4 30 

•* 

Chineurah . — One sdght shock. 


2lBt March . 


6 20 

About 

20 secs. 

Naya Dumka . — One rather strong shock 
accompanied by sounds like that of a 
motor car in motion. 


M 


6 34 


Calcutta . — A series of earthquake shocks 
continuous for several minute ; the 8rst 
shocks were ot considerable Intensity but 
became progressively slighter. 

„ 

f> 

. 

6 86 


Berhampore . — Severe shock, rather strong. 

•• 

M 


6 86 

3 or 4 
secs. 

Khulna . — Three moderate shocks of which 
the middle one was the strongest. 






Chandemagore . — Slight shock. 


„ 

. 


.. 

CMnsuraA.~Sllght shock. 


„ 

. 



KrUhnagar. — Moderate shock. 

It 

. . 

• 



if olda.— Slight shock. 

Satkkira. — Slight shook. 

11 

16th April . 

. 

7 00 


Darbharxga. — One shock. 


28rd AprU . 

• 

22 20 

About 

2 secs. 

Naya Dumka. — One shock. 

„ 

•• 


22 80 


DarjetUng, — Two shocks. 

»» 

•• 




Berhampore. 

»» 

. . 




Ckineurah. 


• This top between September and Deoember is doe to non-reoord i^aJ not to any uesMt^on qt 
8f UnUc activity. 
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Table 9 — eontd. 


Year. 

Date. 

Time 
(I. S. T.). 

Duration 
of shoe 
(In 

seconds). 

Htation and descriptive details. 



H. M. 



1935 

23rd AprU . 



Krishnagar. 


»» . . • 



StUkhira. 


30th June . 

About 

16 00 


Serampore. 

SUigiiri, 

Kalimpong. — One slight shock ; no damage. 


19 • • • 

15 20 


Darjeeling. — One shock lasted a few seconds. 


... 

About 

15 35 

Nearly 

6 secs. 

Jalpaigvri ~ One shock of moderate Inten- 
sity. 

„ 

Ist July 



Darjeeling. — One slight shock. 


4th „ , . . 



Dinajpur, Jalpaiguri and Darjeeling. 


24th August 

About 

midnight 


Darhhanga. — One severe shock 

•• 

” • • 

About 

midnight 


Motihari. — One severe shock. 



About 

midnight. 


Mmajfarpvr.— One severe shock ; inhabit- 
ants rushed out of their houses ; no 
damage. 


80th 

16 SO 

•• 

Laukaha, Darhhanga dirtriet. — One shock. 

1 

26th November . 

6 16 

4 

Hazaribagh. — One shock with a sound like 
that of a bus passing nearby. 


. . 

6 22 

20 

Ranchi. — One sharp shock ; no damage. 


" • • 

6 24 


Eazaribagh. — One shock of considerable 

1 Intensity was felt accompanied by a 
rumbling sound. 


8th December . 

22 86 


SUigwri. — One slight shock for a few seconds; 
no damage. 

•• 

12th 

20 00 


SitamarhL— One sharp shock ; no damage. 


2lBt ,, 

0 80 


Laukaha, Darhhanga district. — One shock. 

1936 

2nd January 

4 20 

About 

80 secs. 

SUigvri.— Quo shock of moderate intensity. 


2l8t 

Allttie 

after 

18 15 


Jalpaiguri.— One moderate shock; no da- 
mage. 

» 

27th M 

16 00 


Pumca. — One shock of moderate intensity. 



About 

16 00 

u 

Bkagalfitr. — One mild shock ; the wave of 
the tremeu' seemed to oome tsaax north- 
west. 
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Table ^—condd. 


Year. 

Date. 

Time 
a. S. T.). 

Duration 
of ahocks 
(In 

seconds). 

Station and descriptive details. 





H. M. 



1936 

11th February 



About 

10 10 


Pumea. — One somewhat severe shock. 


M 



10 19? 


Bhagat/pur. — One shock. 


.. 



10 19 


CalevUa. — The shock was felt by some 


” 



10 19? 


and N. W. Bp. — The worst damage 
was reported from here ; the station was 
damaged and a fissure appeared on the 
platform. 

*’ 

” 



10 19? 

3 

MuzafTtxrpur. — One shock accompanied by 
a rumbling sound ; no damage to buildings 
reported. 


.. 



10 19? 


Patna. — Tremors of moderate intensity. 





10 22 

3 

Katmandu. — One sharp shock ; no loss of 
life or heavy damage to property. 


•• 



About 

10 25 


Dumka. — Three rather strong shocks with 
unusual sounds during them. 

” 

’* 





Jihagalpur (Aligunf). — Two persons died of 
injuries caused by a wall collapsing dur- 
ing a severe shock. 






8 

Darjeeling. — One shock lasting 4 seconds 
was followed by a more aevere one of 
similar duration ; no damage reported. 


12th February 



2 00 
to 

3 00 


Jofpaignri.— Shocks were experienced. 


- 



2 30 


Bhagalpur. — One shock. 


19th February 



7 34 


Siliffuri. — One shock of moderate intensity 
lasting a few seconds ; no damage. 


0th June 



About 

5 34 


Bhagalpur. — One sharp shock ; no damage. 

1 

•• 



About 

6 34 


Darjeeling. — One sharp shock ; no loss of 
liie or damage to property. 

” 




About 

6 84 


Oaj/a. — One sharp shook ; no damage. 





About 

6 84 


Muzaffarpur. — One sharp shock ; no loss of 
life or damage to property reported. 





About 

5 34 


Patna. — One sharp shock ; no loss of life 
or damage to property. 

•> 

•• 



About 

6 84 


Pumea. — One sharp shock ; no loss of life 
or damage to property. 





About 

5 34 


Siliguri. — One sharp shock ; no loss of life 
or damage to property, excepting slight 
damage to a private r^dence. 


•» 



About 

5 84 


Siioan, Saran district. — One sharp shock ; no 
damage or loss of life reported. 


I 
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Table 10. 

Aftershocks recorded at Alipore, 

(In the ease of many of the shocks mentioned in this statement, subsequent to 
Maroh 1936, it is not definitely known whether they were of Bihckr origin.) 


Date. 

Calcutta 
time of 
b^inning 
of shook. 

Kpioentral 

distance 

(miles). 

Intensity. 

Remarks. 


H. 

M. 




1934 






January 15 

20 

17 

200 

Tremor 



20 

48 

200 

99 



20 

67 

200 

99 



21 

14 

200 

99 



21 

42 

200 




23 

16 

200 

99 



23 

58 

200 

99 


January 16 

01 

43 

200 

99 



02 

21 

200 




02 

24 

200 

99 



03 

02 

200 

99 



03 

28 

200 

99 



04 

17 

200 

99 



08 

54 

200 

99 



10 

54 

250 

Moderate 

Felt also in North 
Bihar. 


20 

36 

250 

Tremor 



21 

58 

200 

Slight 


January 17 

08 

39 

200 

Tremor 



09 

05 

200 

»» 



’ 09 

43 

200 

>t 
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Tablb 10— oontd. 


Date. 

Calcutta 
time of 
beginning 
of shook. 

Epioentral 

aiatance 

(miles). 

Intensity. 

Remarks. 

1934 

H. 

M. 




January 17 

09 

47 

200 

Tremor 



12 

24 

200 

ff 



13 

00 

200 

f9 



14 

30 

200 

f9 


January 18 

00 

30 

200 

99 



01 

23 

200 

99 



02 

39 

200 

99 



03 

14 

200 

99 



03 

57 

200 

99 



06 

11 

200 

99 



10 

41 

200 

99 



17 

13 

200 

99 



19 

06 

200 

99 



21 

49 

200 



January 19 . 

18 

60 

296 

Strong 


January 20 

00 

44 

260 

Moderate 

Felt in North Bihar. 

January 21 

08 

27 

260 

Slight 



12 

46 

250 

» 



20 

52 

260 

99 


January 22 

01 

44 

260 

9t 


January 23 

11 

19 

260 

99 


January 24 

12 

66 

260 

99 


January 26 

06 

63 

260 

99 


January 81 

06 

00 

260 

99 


February 4 

18 

44 

260 


Felt in North Bihar. 
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Tjmm 10 — ootdd. 



Calcutta 
time of 

Epioentral 

distance 

Intensity. 

Remarks. 

UH6« 

beginning 
of shook. 

(miles). 



1984 

H. M. 




FebniMy 8 

20 36 

260 

Slight 


February 11 • 

20 47 

300 

» 


February 12 . 

09 62 

200 

• t 


February 17 . 

08 46 

400 

99 


February 18 . 

18 55 

400 



February 24 . 

21 18 

300 



March 20 

08 64 

350 

99 


April 9 . 

02 47 

220 

99 


April 13 . 

10 33 

200 

99 


April 14 . 

04 68 

800 

99 


April 20 . 

05 38 

j 160 



June 2 . 

01 20 1 

200 




11 49 

400 

Moderate 


June 17 . 

02 07 

250 

Slight 


June 18 . 

17 47 

360 

99 

Volt at Muzaffarpur, 
etc. 

July 15 . 

08 00 

300 

99 


August 24 

13 07 

09 37 

330 

210 

99 

Felt in North Bihar 

August 29 

99 

and Darjeeling. 

September 23 . 

14 46 

200 

99 


October 22 

01 03 

300 

99 



07 03 

360 

99 


November 2 

21 14 

360 

99 


November 3 

,12 42 

300 

99 



19 27 

300 

Tremor 




ACCESSORY SHOCKS — ^THBIR SIONIFICANCE, 


107 


Table Vi—conM. 


Date. 

Calcutta 
time of 
beginning 
of shock. 

Epicentral 

distance 

(miles). 

Intensity. 

Kemarks. 

1034 

H. M. 




November 4 

08 06 

300 

Tremor 


November 23 . 

15 33 

260 

Slight 


December 18 . 

04 06 

300 



1936 





January 12 

03 10 


Tremor 



00 68 

225 

Slight 


March 4 . 

22 12 

330 

»» 


March 21 

05 57 

190 

Tremor 

Felt at Calcutta and 
at many places 
in Bengal. 

ApiiJ 18 . 

20 r>4 

350 

Slight 


May 21 . 

10 17 

110 



May 23 . 

20 22 

100 

-> 


July 4 . 

08 43 

340 


Felt at Dinajpur, Dar- 
jeeling and in 

Bihar. 

August 24 

00 20 

280 


Felt in Bihar. 

iSoptember 5 . 

18 30 

310 


Felt in N orth 

Bengal. 

October 26 

14 34 

360 

yj 


November 18 . 

00 00 

380 



November 26 . 

06 30 

350 

” 

1 
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Table 11. 

AfienhocJu recorded at the Agra Observatory, 

( This Hst includes all those shooks which have been considered as aftershocks of 
the Bihar earthquake, as judged from the distance of origin of the shooks 
and from the character of the records, the actual epicentres being undeter- 
mined at Agra.) 


Date. 

G. M. Time 
(Befirinnina 
of shook). 

Epioentral 
distance 
in Kms. 


H. 

M. 


1934 




January 16 

14 

30 

— 


14 

64 

845 


16 

03 

820 


16 

21 

810 


16 

27 

-- 


16 

47 

845 


16 

14 

— 


16 

20 

— 


17 

22 

— 


18 

04 

820 


19 

49 

— 


20 

27 

810 


20 

31 

845 


21 

08 

— 


21 

34 

820 


22 

23 

— 


23 

26 

— 

January 16 

00 

27 

— 


02 

00 

— 

1 

03 

00 

— 
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Tablb 11 — (xynld. 


Date. 

G. M. Time 
(Beginning 
of shook). 

Epioentral 
distanoe 
in Kms. 








H. M. 




1934 







January 16 . 


. 

. 

• 

• 

• 

03 19 

820 








04 64 

— 








05 00 

810 

January 17 . 


. 

. 

. 

• 


06 33 

790 








07 06 

800 








18 37 

820 

January 19 . 







18 61 

830 

January 21 , 

• 






06 63 

780 

February 2 . 







19 61 

— 








12 20 

780 

February 4 . 







12 62 

— 

February 10 







04 47 

866 








22 67 

780 

February 12 . 

• 

• • 





03 68 

900 

February 17 







02 63 

856 

April 8 







20 64 

— 

April 13 







23 05 

866 

August 20 . 







03 44 

765 

December 17 







23 14 




1086 







April 16 

. 

. 

. 


• 


00 43 

— 

Auguit 23 

• 

• 

• 

• 

• 


18 37 

846 
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Table 12 . 


Aftershocks recorded at the Colaba Observatory^ Bombay. 


(Only nine aftershocks wore recorded at Colaba in 1934 ; none were registered 

in 1936.) 


Date. 

G. M. Time 
(Beginning 
of shook). 

Period 
( Seconds) . 

Epioentral 

distance 

(Kms.). 

Intensity. 

1934 

H. 

M. 




January 16 

06 

02 

3 

1446 

SUght. 

19 . 

18 

63 

3 

1611 

Slight. 

21 . 

06 

66 

— 

— 

Slight. 


19 

66 

— 

— 

Slight. 

February 10 . 

04 

60 

— 

— 

Slight. 

12 . 

04 

00 

— 

— 

Slight. 

April 8 . 

20 

59 

— 

— 

Feeble. 

13 . 

22 

46 

— 

— 

Very feeble. 

August 29 

03 

48 

2 

— 

Feeble. Beginning 

doubtful. 


In view of the paucity of local information an attempt was 
made to compile a list of aftershocks in Bihar and their epicentres 
from the instrumental data of the seismographic stations at Bombay, 
Agra, Dehra Dun and Calcutta. Information was sought from 
these records as to which parts of Bihar were more affected than 
others by aftershocks, and whether such shocks occu’’red in clusters. 
After discussion with Dr. S. K. Banerjee and Dr. S. C. Roy it was 
found that no such information was deduoible from the available 
seismographic records, because the various components of only 
two of the aftershocks have been fully recorded ; the seismological 
data is incomplete for the remainder. 
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Discussion. 

Examination of the original seismographs from the Bombay > 
Agra and Alipore Observatories by Dr. Roy and the present writer 


shows that essential 

data 

for fixing the 

epicentres even approxi- 

mately are lacking. 

In some cases the 

direction of the shock is 

not established with 

certainty and it 

is doubtful 

if some of 

those listed in the 

fables originated iu 

Bihar. On 

examination 

of Tables 11 and 12 some coincidence 

between the 

aftershocks, 

grouped below, and 

recorded at Agra 

and Colaba, 

is apparent, 

and one would imagine 

it possible to 

locate their 

approximate 

epicentres in Bihar ; — 





Date. 


Agra 

Colaba 




Observatory. 

Observatory. 


January 16th • 

• 

6*00 

6*02 


19th . 


18*61 

18*63 


2l8t . 


6*63 

6*66 


21st . 


19*51 

19*65 


February 10th . 


4*47 

4*50 


12th . 


3*68 

4*00 


April 8th 


20*64 

20*69 


13th 


23*03 

22*46 Very imperfect. 

August 29th 


3*44 

3*48 



Neither the Alipore nor the Debra Dun seismographs, however, 
have recorded any of these shocks and one or two observed at Dehra 
Dun on these dates are not found in the above lists. Some of the 
records, moreover, are very incomplete and afford no data for 
calculating the distance of origin. Hence their use in deducing 
epicentres in Bihar would be doubtful. The only two major after- 
shocks which are fully recorded are those of 16th and 19th Janu- 
ary ; Dr. Roy has been able to calculate their epicentres satisfac- 
torily. The equally severe shock of 29th August, 1934, at about 
9-20 a.m., though sharply felt at numerous Bihar stations, Dar- 
jeeling and at Alipore, is not registered by the Agra or the Colaba 
seismographs. 

A comparison of the columns of ‘ epicentral distances * in Tables 
10 and 11 seems to suggest a migration of the centre of aftershock 
activity further away from Alipore. Up to February 8th the 
distances of shocks from Alipore ranged from 200 to 260 miles ; 
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in the next four months the distance increased to 300 to 400 miles. 
Thus between January 151 h and June 2nd the maximum increase 
of the distance from Alipore is 200 miles. The calculated epicen- 
tres of subsequent shocks vary haphazardly during the next four 
months. Within the same interval of time the Agra records show 
variations of the epicentral distances, from 555 miles to 490 miles, 
suggesting no migration of the epicentres. 

The most important fact emerging from a review of the subject 
is that the total number of aftershocks, and their frequency during 
the first few days following the Bihar earthquake, is in marked 
contrast with the Assam (1897) and Kangra (1905) disturbances, 
which were followed by an extraordinary number of subsidiary 
shocks. Oldham mentions the case of the Bordwar Tea Estate 
in the former area where, for a week after the great shock, the 
surface of a glass of water standing on a table remained in a cons- 
tant state of tremor, and at Tura a hanging lamp was constantly 
swinging for three or four days. At Shillong, a record made on a 
mght seven days after the earthquake showed thirty-three distinct 
sensible shocks in four and a half hours. In Kangra their frequency 
was considerably less but in some typical localities within the 
the epicentre Middlemiss states that an average of thirty shocks 
in sixteen hours, or one every thirty minutes, occurred on the first 
day of the earthquake. In spite of the absence of any deliberately 
kept records following the Bihar earthquake, the general experi- 
ence of the people is that the main shock was not followed by a train 
of aftershocks comparable in frequency with the above two cases 
and that perceptible tremors were not frequent during the first 
day, or week, or month. This was also the experience of those Geo- 
logical Survey officers who toured the epicentral area for a period 
of three months from the first week after the disaster. In view 
of the size of the epicentre this small number of aftershocks is 
remarkable, and may possess significance in discussions of the 
^differences in tectonics and geological constitution between the 
Gangetic Plains, the Assam Plateau and the Sub-Himalayas. 

It is generaUy supposed that these subsidiary tremors are caused 
by the continuation of those same forces which brought about 
the first shock and also by the faulted rock masses becoming ad- 
justed to positions of greater stability. In the Bihar area, with 
its deep mantle of soft inelastic alluvium, the more feeble tremors 
were presumably damped or smothered before they reached the 
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surface. In Assam and Kangra, on the other hand, the faulted 
rock-masses were exposed more or less at the surface, without 
any appreciable thick cover of sub-Recent unconsolidated deposits 
and the vibrations were transmitted to the surface without 
any damping. The above statements may sound contradictory 
to the usual experience that, in severe earthquakes, the most vio- 
lently shaken and damaged areas are those situabed on alluvial 
ground or on loosely consolidated rocks. The contradiction is, 
however, not real. If the initial shock exceeds a certain inten- 
sity, the period of the earth- wave motion and the natural period 
of ground vibration may coincide and the amplitude of oscillation 
of the ground may thus be greatly intensified ; if the surface 
rocks are loosely aggregated this coincidence may produce a 
disastrous rocking of the ground. In an aftershock the 
amplitude and period of earth-waves are usually inconsiderable 
and are much more feeble than the range and natural period of 
ground vibration, there is therefore no chance of the former re- 
inforcing the latter ; on the contrary the two may tend to oppose 
with the result that the impulse is smothered. Dr. Dunn does not 
agree with this explanation, particularly with the last statement, 
but favours the alternative below. 

A second explanation of the relatively small number of after- 
shocks in the Bihar region is, perhaps, that relief to strain was 
almost complete as a result of the principal quake. Stability 
having been obtained in this one great initial movement, further 
adjustments, with their attendant shocks, were almost nil. 

The records of great historic earthquakes show that aftershocks 
are especially numerous following those earthquakes which have 
originated by movement along faults. They were especially numer- 
ous in the eai-thquakes of Mino-Owari (1891), Kagashima (1893), 
Messina (1908), Kangra (1905) and Assam (1897), where the crustal 
movements also produced visible surface faults with both vertical 
and horizontal displacements. On the other hand a few other 
earthquakes, also located along fault-lines, such as that of 
California (1906) were attended by only a few aftershocks. 
In Bihar, apart from the faulting in the alluvium due to 
slumping, any faulting in the underlying bed-rock is obscured 
by the alluvium. 

Such occasional strong shocks as have been perceptible in Bihar 
without any instrumental aid and which have been reported in the 
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uewspapeig, possess a tectosio significance. These tremors, ori< 
ginating from many irregularly and widely dispersed centres, from 
Bettiah in the west to Salana, Assam, in the east, and persisting 
for a period of at least twenty months after the main shock, 

might suggest that the Bihai* earthquake originated along several 

branching faults beneath the Gangetic valley. Montessus de Bal- 
lore believes that the epicentres of the numerous aftershocks of the 
Assam earthquake give an accurate representation of the normal 
seismic instability of that province and define the boundary of the 
seismic disturbance of 1897. He believes that the various faults 
which came into existence as the effects of the earthquake have a 
direct connection with the causes of the aftershocks. He thinks, 

however, that the epicentres of these various aftershocks are related 

not to the main crustal movement along a thrustplane, which 

was the cause of the initial earthquake (a movement of com- 
pression from north to south), but to the secondary faults which 

were induced by that movement, or to already existing faults.^ 

With regard to the distribution of the aftershocks, we are un- 
able to trace any relationship between frequency of aftershocks 
and any one of the three tracts of maximum intensity of earth- 
quake damage in Bihar and Nepal. The brief reports from the 

Nepal valley merely remark that 28 shocks occurred in the first 
six days and 65 shocks during the subsequent nine months. Re- 
ports from the Sitamarhi-Madhubani area and the Patna-Monghyr belt 
are equally vague. From these and other reports there is no sugges- 
tion of migration of the aftershock epicentres in the direction of 
the principal belts of the main earthquake. The aftershocks recorded 
over a period of three years following the Assam earthquake of 
1897 also show a decidedly haphazard arrangement, and no de- 
finite line of progi'ession of the centre of instability is discernible. 

Has the seismic activity following the earthquake of January 
1934 now disappeared from the Bihar area (November 1936) or 
does it still persist ? The graph, fig. 10, kindly supplied by 


1 In his original memoir on the Assam earthquake, Oldham ascribed the pheno- 
menon to orustal movement along a nearly horizontal thrust-plane, aooompanied by 
numerous smaller snrlaoe faults. In a subsequent study of the same earthquake, pub- 
lished 27 years later, Oldham suggested an altogether new hypothesis of the origin of 
the great earthquake. He postiuatod a deep-soated, abrupt change of a dense magma 
into a magma of the samd composition but of greater volume (bathysoism) as the funda- 
mental oaose of earthquakes. He thinks that faults aooompauying earthquakes are 
merely a soporfiolal effect of the deop-seated magmatic origin or earthquakes. With 
this view the authors of the present memoir are unable to agree. 
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Dr. S. C. Roy from readings of the Milne-Shaw seismograph at the 
Alipore Observatory, provides a basis for roughly estimating the 
total frequency of the aftei shocks of a certain degree of intensity. 
It ifidicates the decline in monthly frequency of those aftershocks 



Flo. 10. — Monthly frequency of aftershocks recorded by the Milne-Rhaw seismo- 
graph, Alipore. 


which were strong enough to be recorded by an instrument 300 
to 400 miles from Bihar. Probably a number of minor shocks 
were unregistered at Alipore, although they were strong enough 
to be distinctly perceptible to the local inhabitants and were report- 
ed in the following day’s newspapers. However, recognising the 
limitations of the instrumental record, the decline is very rapid 
and most marked in the first month. This fact is indicated also 
by the list given in Table 0, where the recorded aflershocka for 
the first month are nearly 200 whilst those for the 15th February 
to 15tb March are only 10. This decline is maintained, though not 
uniformly, through the subsequent months, which show but few 
marked recrudescences. 

The graph tends to support the view that the shock of January 
15th relieved the stiain more or loss completely. An alterna- 
tive belief is that a large number of the aftershocks have been 
damped, or completely absorbed, by the thick alluvial mantle of 
the (I angelic plains. 


CHAPTER VII. 


THE 1833 and other SHOCKS IN BIHAR AND NEPAL. 

(J. A. Dunn and J. B. Auden.) 

Records of the Indian earthquakes of the past show that con- 
siderable portions of Northern India have from time to time been 
subject to earthquake shocks. Mallet’s Earthquake Catalogue of 
the British Association mentions a * violent earthquake * which 
took place between 6-30 to 6 p.m. on August 26, 1833, ‘ all over 
the centre and east of northern India, especially Nepaul ’. The 
shock was felt in Calcutta, Agra, Lucknow, Tirhoot, Pumea, Patna, 
Buxar, Allahabad, Monghyr, Katmandu, etc., and also at Lassa 
(Lhasa). It appears that the shock was fairly violent and lasted 
from a few seconds up to a minute and that it extended over ap- 
proximately the same area as the 1934 earthquake. No note- 
worthy record of any damage in Bihar is given therein but at 
Tirhoot (probably Muzaffarpur) water was thrown out of tanks 
4 feet deep, at Chapra, a chasm of considerable size was said to 
have been formed in the earth and at Monghyr, Rangpur, Muzaffar- 
pur, Mallai, and other places many houses were destroyed or damaged, 
and the alarm was great. 

An accurate account of the earthquake as it affected Katmandu 
was given by the Assistant Surgeon, A. Campbell (1833, pp. 438, 
564, 636). It is clear that the earthquake of 1833 was not so 
intense as the recent one. Only 414 people were killed in the 
Nepal valley, compared with the 3,400 who perished in 1934. The 
Valley was not so populated a century ago, but, allowing for this, 
the percentage mortality was certainly less. 

The important point is that the forms of the isoseismal lines 
of the two earthquakes in Nepal must have been approximately 
coincident, even though those of the 1833 earthquake may not 
have been so high on the Mercalli scale. Bhatgaon suffered the 
worst damage in 1833, with a loss of 2,000 houses (42 per cent.). 
Khokna, a small village, was likewise severely damaged, with 
collapse of 130 houses ; Patan and Katmandu were equally affected, 
in both earthquakes less so than Bhatgaon. Swayambunath, Kirti- 
pur and Gokama escaped with slight damage. 

( m ) 
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Aftershocks were recorded during the 16 days that followed. 
On October 4th of the same year another violent shock, lasting 

for half minute, was felt at Katmandu, Monghyr and Allahabad. 
Another shock occurred on October I8th at Katmandu, Goruclcpur 
(Gorakpur) and Allahabad and several were felt at Katmandu on 
October 26th, November 8th, 16th and 26th, the last one being 

severe. 

The direction of the main shock of 1833 is variously stated. 

At Tirhoot the motion was said to have been from east to west ; 
at Buxar from north to south ; at Patna apparently east to west ; 
at Calcutta north-east to south-west ; at Katmandu apparently 
east to west. At most of the places, the earth was in almost 

continuous agitation for 24 hours. 

With regard to Monghyr, Lieut. Baird Smith may be quoted 
(1843, p. 1039*):— 

* It is a remarkable fact, that Monghyr seems to suffer more from earthquake 
shocks, from whatever direction these may come, than any other place in its vic« 
inity. This was observed during the shock from the lateral Himalayan tract, of 
the 26th August 1833, again during that of the 11th November 1842, and I would 
say from the information before me, that on the present occasion, the shocks were 
smarter at Mongh)^ than at any other spot.* 

The latter shock was sufficiently strong to overthrow a portion 
of the fort wall at Monghyr. 

Of recent years such earthquakes as that of 1897 in Assam 
and the occasional minor shocks up to the Dhubri earthquake 
of 1930, have all been felt in many of the towns in eastern Bihar. 
Certain towns have felt these shocks more severely than others 
which may be even closer to the epicentre. For example Monghyr 
and Jamalpur have always been more affected than such neigh- 
bouring towns as Bhagalpur or towns to the north and south, and 
the shocks has been more noticeable in Purnea than in the adjacent 
towns of Katihar or Kishanganj. 

There is no doubt that the area in Bihar and Nepal enclosed 
by isoseismal VIII has been one of seismic activity, although of 
less frequency than Assam. 



CHAPTER VIII. 


OEOLOaV AND STRUCTURE OF NORTHERN INDIA.* 

(D. N. Wadia Ain> J. B. Auden.) 

The Tertiary history of the Himalayan region. 

A striking feature of India, and one which has probably been 
appreciated from earliest times, is the division of the country into 
three units : — 

Himalaya 

Indo-Gangetic alluvium 
Peninsula 

The epicentral area of the Bihar-Nepal earthquake lies on the 

Gangetic alluvium, but as all three units were affected by the 
earthquake it is proposed in this chapter to give an account of 
the manner in which this present day configuration has arisen. 

During the Palaeozoic and Mesozoic periods India was part 
of the Gondwana continental system which included South America, 
South Africa and Australia. Three explanations of the structure 
and break up of Gondwanaland have been advanced : that it was 
a vast continent covering much of the Southern Hemisphere and 
later broken up by the submergence of large sections below sea 

level ; that the individual present day continents were connected 
by isthmuses which have since become submerged ; and that the 
four main countries were originally in juxtaposition but have since 
drifted apart. We are not, in this chapter, concerned with the 

areal extent of this old continent ; it suffices to remark that the 

Indian portion of Gondwanaland extended northwards beyond the 
[ndo-Gangetic alluvium and included what is now the Himalaya. 
The glacial tillite of Upper Carboniferous age which occurs at the 
Dase of most of the Indian coalfields and in the Salt Range is pro- 
oably represented by a boulder bed at Lachi (28° OP : 88° 45') 

in north-cast Sikkim (Auden, 1935, pp. 151, 154), by the Blaini 
boulder bed of the Simla-Mussoorie-Garhwal hills (Oldham, 1887, 
p. 144; Pilgrim and West, 1928, p. 5; Auden, 1934, p. 419) and 
the Tanakki boulder bed of Hazara (Wadia, 1929, p. 153). 

' The contents of chapters 8 and 9 were written in August 1936, independently of 
the Presidential Addi^ of Mr. W. D. West (Section of Geology and Geography) 
cptitled “ Earthquakes in India *’ at the 24th Indian Science Congress, 1937. 

( U8 ) 
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Coal-bearing Gondwanas are found in the Darjeeling- Assam Himalaya 
and at the confluence of the Arun and Tamur rivers in Nepal. 
Gondwana rocks are also well developed in Western Kashmir 
(Wadia, 1934, p. 150). 

To the north of the Gondwana land-mass lay the Tethys geo- 
syncline in which an almost uninterrupted succession of fossili- 
ferous rocks was deposited from the early Palaeozoic up to the 
late Mesozoic period. A subsidiary geos3rncline probably occurred 
between the main Tethys geosyncline and the Gondwana conti- 
nent, and is represented by the Krol zone of Auden. 

Beyond the Tethys ocean occurred another continental mass, 
Angaraland. Gondwanaland and Angara land gradually approached 
each other and this, together with downwarping of the crust in 
the intervening ocean, permitted the accumulation of a great thick- 
ness of sediments in the Tethys. Towards the end of the Mesozoic 
downwarping ceased ; with continued sedimentation the sea had 
shnmk, by the beginning of the Tertiary era, to such an extent 
that there was left only a small gulf which was closed to the south- 
east near Naini Tal and included the area Iving between Naini 
Tal, Dehra Dun, the Zanskar range and Ladakh. It was believed 
by Pascoe (1919, p. 136) that the Zanskar and Ladakh Nuininulitics 
were deposited in a separate gulf from those of the Naini Tal — 
Simla, Dehra Dun and Naini Tal area, but recent work by Pilgrim, 
Wadia, West and Auden has shown the wide spread occurrence 

of Nummulitics in the area from which they w^ere form^^rly thought 
to be absent (Wadia, 1928, p. 196). The assumption of a single 

gulf seems preferable, as had indeed been suggested by Pilgrim 

(1919, p. 94). 1 Elevation of the former Tethys zone continued, 
driving the Eocene sea towards the Arabian ocean. It w^as not 
at first, however, pronounced enough to result in any marked 

erosion of the young Himalayan region, and it is pro liable, as 
Pilgrim has suggested (1919, p. 94), that the Murree roc'ks (lower 
Miocene) were laid down by rivers draining from the Peninsula 
rather than from the embryo Himalaya. It was probably just 
after the deposition of the Murrees (i.c., about Helvetian) that 
the major Himalayan earth movements took place involving ex- 
tensive thrusting, since nowhere in the windows exposed in these 
thrusts is there any trace of rocks younger than the Murrees. 

^ L. M. Davies considers that the Upper Ranikot sea extended from Baghdad to 
the vioinity of Lhasa. Ntiture 141, p. 202, (1038). 

K 
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In the latter part of the Mesozoic the Rajmahal lava flows were 
extruded near the northern edge of the Gondwana continent, whilst 
at the end of the Cretaceous and during the Eocene vast sheets 
of lava covered 200,000 square miles of peninsular India, and ap- 
peared also over a wide belt in the Himalayan region of North 
Kashmir (Wadia, 1934, p. 419) and Ladakh (Lydekker, 1883). 

By the beginning of the Siwalik period (upper Miocene), the 
Eocene gulf was completely driven out and the elevation of the 
Himalaya as a range commenced. Increasing stream activity upon 
the steepening gradients resulted in strong erosion of the young 
Himalaya, and the concomitant accumulation of thick deposits 
along its southern flank. A region that formerly belonged to the 
Gondwana continent now became down warped into a young geo- 
syncline well to the south of the Tethys and Krol geosynchnes 
which had given birth to the Himalayan range. 

The Siwalik deposits were almost exclusively derived from the 
actively eroding Himalaya. The most striking feature in these 
deposits is the great thickness of boulder-conglomerates at the 
top of the series, which reaches a total of 5,000 feet in the north- 
west Punjab. To the south-east all the Siwalik stages thin out 
and boulder conglomerates become less conspicuous, the pebbles 
being smaller and more scattered throughout the sand-rock. 

Considerable speculation has arisen as to the mode of deposi- 
tion of these boulder-conglomerates. Medlicott was struck by their 
peculiar abundance at places where the modem Himalayan rivers 
cross the Siwalik outcrop and he considered therefore that the 
beds were formed by Pleistocene * rivers debouching from the Hima- 
laya along approximately the same courses as the modern rivers 
(Medlicott, 1864, p. 119). 

In 1919 Pascoe (1919, p. 136) and Pilgrim (1919, p. 80) almost 
simultaneously brought forward the hypothesis that the Siwaliks 
were laid down by a great river, rising in the Abor-Mishmi area 
of Assam and flowing north-westwards into the Punjab. The river 
was called the Siwalik river by Pilgrim and the Indohrahm by 
Pascoe. Pascoe also assumed that another river flowed westwards 
along the north side of the Himalayan chain, along the present 
Sutlej -Tsangpo alignment. 

Neither Pascoe nor Pilgrim much favoured the idea put for- 
ward by Medlicott that the boulder-conglomerates were laid down 
by a system of southward flowing consequent steams from the 
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jisiDg Himalayan chain. Both were impressed by the continuity 
of the Siwaliks from the Punjab into Assam and by the fact that 
the boulder-conglomerates are not confined to the vicinity of the 
debouchures, but are often welf developed in the Siwalik outcrop 
between the rivers. Pilgnm (p. 88) was, however, willing to allow 
that northern tributaries were instrumental in supplying some of 
the boulders. He believed that the special abundance of con- 
glomerates in the Punjab was due to the blocking of the Siwalik 
river by elevation in the Kashmir- Jammu area. 

It is probable that no one explanation will account for these 
conglomerates and that a combination of factors led to the deposi- 
tion of the upper Siwaliks : — 

(1) elevation of the Himalaya; 

(2) increased precipitation and active erosion by consequent 

streams ; 

(3) redistribution of boulders from these consequents by a 

river flowing along the downwarped southern border of 

the mountain chain. 

The Siwalik boulder conglomerates give place insensibly to the 
older Gangetic alluvium (Bhangar), Where the Siwalik rocks are 
lying horizontally or with low dips it is often very difficult to dis- 
tinguish them from the more recent gravels. Along certain zones, 
however, folding has caused the tilting of the Siwaliks into vertical 
and even inverted positions. In such cases the later gravels may 
be seen to rest with a profound but quite local unconformity upon 
the up-ended Siwaliks.^ 

Summarising the geological structure of northern India we have 
the following main units from north to south ; — 

(1) the zone of mainly pre-Tertiary rocks of the lower and 

greater Himalaya in which thrusting is on a colossal 

scale ; 

(2) the zone of visible mid-Tertiary and Siwalik rocks, with 

considerable folding and faulting ; 

(3) the alluvial zone of the Gangetic trough which conceals 

both Siwaliks and peninsular rocks ; 

(4) the Peninsula. 

^ Recent work by De Terra would suggest that the fans of Siwalik boulder con- 
glomerates in northern India merge into ground moraines derived from one of the ice 
advances during the Pleistocene ice age [De Terra : Proc. Am. Phil. Soc.t LXXVI, 
p. 791, (1936) ; Nature, Vol. 137, p. 686, (1936)], a fact which lends support to La 
Tou chers idea of increased precipitation during this period [La Touche : Qecl., Mag., 
Vn, p. 193. (1910)]. 

K 2 
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The structure of the Himalayan region. 

After this brief historical survey, it is necessary to discuss the 
inter-relationships of the various units just enumerated. The dis- 
cussion may be conveniently divided into the following sections : — 

(1) Thrusts within the Himalaya and bounding the pre-Ter- 

tiary and Nummulibic rocks from the post-Nummulitic. 

(2) Thrusts and folding within the Siwalik zone. 

(3) The Siwalik-alluvium boundary. 

(4) The Indq-Gangetic trough and the evidence of folding and 

faulting at its floor. 

(5) Evidence of recent instability. 

(6) The sub-alluvial boundary between the Siwaliks and the 

basement of peninsular rocks. 

(1) Thrusts within the Himalaya and bounding the pre-Tertiary 

AND NuMMULTTICS FROM THE POST-NuMMULITICS. 

The thrusts under this heading may hr divided into those which 
cause displacements between rocks entirely of pre-Tertiary age, and 
those which involve the T^rtiaries. 

Medlicott long ago (1864, pp. 92, 94, 102 ; Oldham, 1893, p. 349) 
recognised the faulted relationship between the pre-Tertiaries and 
the Tertiaries. The term ‘ main boundary fault ' was used by 
Medlicott to define the boundary plane between the Sirmur series 
(Nummubtic and Murroe) and the Nahan or lower Siwaliks. The 
tectonic significance of these faults is still a subject of discussion 
(Auden, 1934, p. 446). Medlicott’s idea of cliff faces only slightly 
modified by subsequent faulting is certainly untenable. It is 
quite certain that some of the faults are inebned at gentle angles 
towards the north and imply translation of rock masses for very 
great distances. It also seems that the faults do not in every 
case mark the boundary of deposition of the Siwalik rocks to the 
north-east. 

The Krol thrust has been traced from near Subathu to Dehra 
Dun. From Dehra onwards to the south-east it is obscured by 
alluvium, except for windows of the thrust within the mountains. 
The thrust undoubtedly joins up with the main boundary fault of 
Middlemiss east of the Ganges which has been traced to the Nepal 
frontier. That movement along this thrust has been of great 
dimensions is shown by the occurrence of windows of Nummubtic 
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rocks below the thrust both at Solon, on the Kalka-Simla railway, 
and near Narendranagar, the new capital of Tehri Garhwal State. 
Considering solely the evidence of these windows the Tninimiim 
movement in a horizontal sense is about 5 miles. Auden believes, 
however, that the thrust plane crops out on the north limb of the 
Mussoorie syncline from Sayasu, on the Tons river, down to the 
western slopes of the Ehagirathi valley near Tehri. The minimum 
displacement in this case would be 20 miles (Auden, 1934, Plate 24, 
fig. 2 : 1937, Plate 36). 

The same thrust as the Ej*o1 thrust and the main boundary 
fault of Middlemiss has been seen in Nepal near south-west of 
Katmandu and just north of Udaipur Garhi (Auden, 1935, pp. 144, 
146). This thrust clearly continues eastwards into the Darjeeling 
area and is the plane dividing the Gondwana rocks of Darjeeling 
from the underlying Siwaliks. 

Only brief mention need be made of the thrusts situated within 
the Himalaya and involving pre-Tertiary rocks. 

Wadia has traced two concurrent, more or less parallel, thrusts 
(Panjal thrusts) along the foot of the Pir Panjal range from eastern 
Hazara, round the syntaxial bend of the North-west Himalaya to 
as far south-east as Dalhousie. The first of these has thrust the 
Murrees underneath the Eocene and older fossiliferous rocks, while 
the inner thrust has pushed the Archean and pre-Cambrian sedi- 
ments over the latter (Wadia, 1931, p. 189). 

In the Simla Hills, Pilgrim and West (1928) and West alone 
in recent years (1935, p. 74 ; 1936, p. 72 ; 1937, p. 79) have shown 
the eidstence of several thrusts which involve translation of tec- 
tonic units over great distances. 

Between the Jumna river and Gungti hill (29° 46' : 78° 55') 
Auden (1937, p. 421) has shown the existence of the Garhwal nappe, 
based upon the Garhwal thrust, which he considers possibly to root 
in the main Himalayan range. The displacement along this 
thrust-plane may be 50 miles. 

The possible equivalent of the Garhwal thrust in Nepal and 
Darjeeling is the thrust which has caused the superposition of the 
Dalings and Darjeeling gneiss upon the Gondwana rocks of that 
area (Auden, 1935, p. 144). The Dalings strongly resemble the 
rocks of the Garhwal nappe. 

The chief difficulty with which we are confronted is the ques- 
tion of the age of these thrusts. Near Shali (31° 12' ; 77° 17'), 
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Solon (30® 56' : 77® 07') and Narendranagar (30® 10' : 78® 17') 
Nummulitics and Dagshai rocks occur as windows below the thrusts. 
The movements are therefore post-Dagshai (post-Burdigalian). Since 
no Siwalik rocks are found in the windows, it might be assumed 
that the thrust movements took place after the Burdigfelian but 
before the Siwaliks had time to be deposited there. This would 
make the movement about Helvetian in age. If, however, as is 
probable, the Siwaliks never extended so far to the north-east, 
this argument fails, since it is possible to imagine the thrusting 
as having occurred a considerable time after the Nummulitics and 
Dagshais had been laid down while Siwaliks were being deposited 
elsewhere. The main boundary fault may be regarded as a 
boundary north-east of which the Siwaliks were, in general, never laid 
down, though in Poonch outliers of Siwaliks have been mapped 
north of this boundary. 

That some of the movement along the Krol thrust is definitely 
more recent than Helvetian is proved by the frequent juxtaposi- 
tion of pre-Tertiaries upon Nahans between the Jumna and the 
Nepalese frontier. Further, in places even the upper Siwalik con- 
glomerates are involved in overthrust by the pre-Tertiaries. Ten 
miles north-west of Dehra’the boulders of these conglomerates are 
so shattered that it is impossible to obtain a hand specimen of 
them. Similar overthrusting occurs at Bilaspur on the Sutlej 
(31° 20' : 76® 46') (Auden, 1934, p. 444). These movements must 
be of lower Pleistocene or even later age. It is difficult to believe 
that the major horizontal movements of the Klrol and Garhwal 
nappes over a distance of several miles took place as late as this. 
By lower Pleistocene times the rising Himalayan chain must have 
been dissected to such an extent into blocks by deep erosion that 
the upper nappes would have already been worn away into out- 
liers. The formation of these upper nappes can only have taken 
place before erosion had proceeded to such an extent that the out- 
crops of the nappes in the direction of movement had been divided 
ofl into separate patches, unable to translate the stresses as a unit 
(Auden, 1937, p. 429). Both the Krol and Garhwal nappes have 
been strongly folded in the Simla-Mussoorie region, probably as a 
result of resistance offered by the floor upon which the movement 
was effected. There has since been erosion of these thrusts to give 
rise to the windows and zig-zag outcrops which now occur, and 
it may be aocepted that the major part of the movements took 
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place before river dissection had reached its present pronounced 
stage. On the other hand, the post-Siwalik movements along 
these thrusts must have occurred after considerable erosion. We 
are led therefore to assume that there has been more than one 
period of movement, the earlier and stronger movements perhaps 
during the Helvetian, and the later movements during the Siwalik 
and post-Siwalik. 

(2) Movements within the Siwaliks. 

The same conclusions drawn from an examination of the Krol 
and Panjal thrusts apply to the movements which book place 
within the Siwaliks. Excellent sections of Siwalik overthrusts are 
provided by Middlemiss for the area between the Ganges and the 
Nepalese frontier. Not only are the various stages of the Siwaliks 
faulted against each other, but the upper Siwaliks are found in 
places to rest imconformably upon lower Siwaliks, as a result of 
late Pliocene or early Pleistocene movements. Further, the whole 
Siwalik formation has been folded by still later Pleistocene move- 
ments. The Siwalik deposits of the Rawalpindi and Attock dis- 
tricts, aggregating over 16,000 feet in thickness, have been folded 
into the Soan geosyncline, occupying the Potwar basin. The 
northern flank of the Soan syncline, consisting of the entire Siwalik 
sequence, including the lower 3,000 feet of upper Siwaliks, is ridged 
up for many miles into a vertical position, the truncated tops of 
the wall-like strata being unconformably overlapped by the higher 
beds of the upper Siwaliks, superposed in turn by gently tilted 
strata of the older alluvium of the Punjab. 

(3) Siwalik- Older Alluvium boundary. 

Further evidence of very recent movements has been obtained 
by studying the relationship between the Siwaliks and the alluvium. 
Clear evidence of post-Pleistocene orogenic movement has been 
obtained by Pascoe, Wadia and H. M. Lahiri in the course of survey 
work in sub-Himalayan region of the Punjab : — 

(i) Sir Edwin Pascoe (1920, pp. 396, 397, 451) observed tilted 
and almost vertical Pleistocene (post-Siwalik) conglomerates between 
Saidpur and Rawalpindi and in one case near Golra ho saw these 
conglomerates folded into a syncline perched upon steeply dipping 
Murrees and Nummulitics. 

(ii) Wadia recorded vertically bedded Pleistocene conglomerates 
some thousands of feet in thickness running for many miles along 
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the atrike of the north rim of the Soan ayncline near Gh>rakhpur 
(Hawalpindi diatrict). This conglomerate contains fossil mammals 
which according to some authors are of mid-Pleistocene age. The 
tilted conglomerate unconformablj underlies horizontally bedded older 
alluvium at some places while at other places, only a short 
distance away, the relations are apparently quite conformable 
(Wadia, 1928, Plate 9). 

(iii) Lahiri has lately observed Siwalik strata overthrost on 
horizontally disposed and undisturbed clays and pebble-beds of 
the dun area (Pleistocene) between Kalka and Nalagarh. He has 
also seen upper Siwalik strata faulted against sub-recent or Pleisto- 
cene alluvium in the Suttej valley, Hoshiarpur district, of the 
Punjab (Lahiri, 1936, p. 73 and 1936, p. 78) — figs. 11 and 12. 

S.W. N E. 



0 12 3 Miles 

> .. I . j , — . , , J 

Horizontal Seal* 

Dun Boulder beds Siwalik). {l* I’jJ Nahan (Lr. Siwalik) 


Fio. 11. — Section aoroBB Dun, between Kalagarh and Kalka (by H. M* Lahiri). 
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(iv) In the Dehra Dun area Oldham and Auden have found a 
pronounced unconformity between the upper Siwalik conglomerates 
and the overlying Dun gravels. The Siwaliks have been thrown 
into an unsymmetrical syncline, the northern limb of which is 
locally overturned so that the upper Siwalik conglomerates are in- 
verted. Upon these conglomerates rest almost horizontal Dun gravels 
(Oldham, 1893, plate opposite p. 482, and Auden, 1937, plate 37). 
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Only -eight miles to the south-west of this zone of unconformity, 
there is probably complete conformity between the Dun gravels 
and the Siwaliks. Exactly similar relations have been observed 
in the centre of the Soan geosyncline (p. 125) the pronouncedly un- 
conformable contact (overlap) of the older alluvium at the rim 
of the syncline is replaced by apparent conformity between the 
upper Siwalik and the older alluvium at the centre of the basin. 
The local folding in both these areas was clearly Pleistocene if not 
post-pleistocene in age. Following the folding there has been 
uplift and strong incision of the gravels by streams flowing from 
the Mussoorie range. Ravines in the gravels from 400 to 600 
feet in depth are common. 

The boundary between the Siwaliks and the Gangetic alluvium 
on the southern side of the Siwalik range varies from place to place. 
The work of Middlemiss (1890, p. 122) east of the Ganges ma}/ 
be quoted ; — 

‘ There are not wanting signs that the southern margin of the hills has l>e- 

come, or is tending to become, a reversed fault Taking u definite portion 

of the c-ountry south of the Path dun (see section V), wliat has become of the 
southern half of the normal (unsymmetrical) antichnal in the sand-rock and Siwalik 
conglomerate, which we may assume by analogy was once present ? There is no 
reason to suppose it denuded away entirely any more than the northern half ; 
but there is strong reason for believing that, if we accentuate the earth move- 
ments which in the gently undulating area of the Kotah dun were nevertheless 
able to produce so- sharp a bending to the south with slight inversion, we shall 
arrive, in the more crushed area of the Path dun, to a state of complete inversion 
and production of a fold-fault 

‘I see no escape therefore from the general conclusion that, wherever the 
southern margin of the Siwaliks shews no relic of a “ dej^tlement ” to the south, 
it is because a fold-fault has supervened along what is now a limit of deposition 
for the Bhabar zone of gravels, sands and clays.’ 

W. N. W. of Hardwar the Siwalik range is anticlinal in structure 
with the upper Siwaliks of the south-west limb dipping south- 
west below the alluvium. This alluvium appears to cut uncon- 
formably across the upper Siwalik stage on to the middle Siwalik 
stage. Southward dips of the Nahans below the alluvium are 
seen in Nepal in the Rae nala^ point 2038 (26° 50' : 86° 26'). The 
alluvium in this area has overlapped folded and eroded Siwaliks, 
and there seems to be no indication of any fold-fault such as Middle- 
miss assumed to exist further to the west. The significant point 
is, however, that folding and erosion persisted between the depo- 
sition of the Siwaliks and that of the alluvium. 
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(4) The Ganoetio Basin and the poldino in its floor. 

The most important geological event, subsequent to the upper 
Siwalik and the glacial epoch, was the filling up, by sub-aerial and 
fluviatile deposits, of the Indo-Gangetic trough, the great do’WTi- 
warp lying between the northern edge of the Peninsula and the 
recently built Himalayan chain. This basin is 250 miles wide in 
its broadest part and 1,500 miles long from Sind to the outskirts 
of the Arakan Yoma. Surface features and gravity observations 
indicate that it is deepest in the central Gangetic portion and 
shallows west of Delhi and east of the Rajmahal hills. 

According to general belief this sunken belt, which in pre- 
Eocene times formed part of the peninsular table-land south of 
the Tethys, was developed concomitantly with the elevation of 
the Himalaya and is of the nature of a fore-deep. Continual 
loading of this belt by sedimentation since the first uplift of the 
mountains may have accentuated the sinking, but the two pro- 
cesses, sedimentation and depression, have kept p^ce and so arose 
the great plains of India. 

We know from the existence, for example, of characteristic 
Gondwana rocks on the northern rim of this alluvial belt, that 
its substratum is an extension of the peninsular rocks, m., Ar- 
chean gneiss, with areas of Vindhyan and Gondwana sediments. 

Structurally this wide down-warp has been in process of forma- 
tion since the withdrawal of the Himalayan sea of post-Nummulitic 
times. Post-Eocene deposits in the northern half of the trough 
are, for the most part, buried under later Pleistocene alluvium, 
and belong to the Murree series of western Punjab. They are 
represented further east by the combined Dagshai and Kasauli 
series, which are overlain by the enormous system of Siwalik 
deposits, which in turn are succeeded by the Indo-Gangetic alluvium. 
The Murrees are about 8,000 feet thick, while the Siwaliks aggre- 
gate over 15,000 feet near the northern rim of the Gangetic trough, 
so there is reason to assume a like thickness for the submerged 
portion of these two series of deposits in the region to the south. 
We have no data for estimating how far southwards these series 
extend, but it is possible that the Murrees stretch much further 
south than the Siwaliks (Wadia, 1932, p. 88). The hypotheses 
regarding the probable thickness and southern limits of the Murree- 
Siwalik deposits lying under the Gangetic alluvium are referred to 
later (pp. 132, 133). 
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There is reason to believe that the floor of this wide depressed 
belt of the Peninsula, loaded with this great thickness of Tertiary 
and post-Tertiary sediments, must be under strain, a strain ac- 
centuated by the subsidiary folding at the bottom of the synclino- 
rium. There is also reason to believe that the series of parallel 
fractures of the ‘ boundary faults ’ type, so conspicuous in the 
exposed part of the Tertiarles, also prevail in the part covered by 
alluvium. The sagged floor itself, to judge from what is actually 
seen at its northern margin, is probably disrupted by fractures 
and fault-planes, while the wrinkling of strata, seen in such inten- 
sity in areas like the Margala and Kala Chitta hills of north-west 
Punjab, where the Himalaya merges into the plains, is also con- 
tinued, though with decreasing degree, to a considerable distance 
southwards. The behaviour of the alluvial zone of the Ganges 
valley in Bihar during the earthquake suggests the possible occur- 
rence of a number of faults beneath the alluvium. This subject 
is referred to again in a later section. 


N. S. 



9- NumiiMilitia 
l-Pft-Ttrttary. 

Fig. 13. — Diagrammatic section of possible sequence within the Indo-Gangetio 

trough. 


(6) Signs op recent instability. 

In the preceding pages examples have been cited of Recent or 
sub-Recent earth movements along the southern flanks of the 
Himalaya. There is also evidence of recent instability in the 
middle Himalayan region. Much of this evidence is from north- 
west India, beyond the area with which this memoir is primarily 



130 


BniAJtrKEPiLL XABTHQUAKB OF 19S4« 


concerned ; however, it is presumed that interpolation of these 
structural features to the less known areas further east is per- 
missible. 

In Kashmir the Pleistocene Karewa formation has been elevated 
and tilted along the flanks of the Pir Panjal range ; the extent 
of this elevation is as much as 5,000 to 8,000 feet according to 
recent estimates. These Karewa beds occur on the north-east 
flank of the Pir Panjal at heights up to 11,500 feet, and it is possible 
that they are related to the sub-aerial and glacial deposits across 
the summit of the range, on the opposite south-west flank. Fossils 
of post-Tertiary animals and plants both of terrestrial as well as 
fluviatile and lacustrine habitat are found at many localities at 
heights at which they could not have lived ; their occurrence, 
therefore, in their present position as well as the fact of the folding 
and inclination of the Karewa beds, which in places possess dips 
as high as 40"" (in a north-east direction), are clear proof of sub- 
Recent elevation of the Kashmir mountains. 

De Terra in contrasting this youthful crustal deformation with 
the Mio-Pliocene upheaval of the Himalaya says : — ‘ tliis gentle 
crustal warping is nothing but a different manifestation of the 
same forces of folding which previously led to much more intricate 
rock structures. The Tethys formations were rendered inflexible 
by tight compression, but they yielded once more to younger de- 
formation which may be characterised as a broad crustal bulging 
accompanied by a differential gentle warping of its upper struc- 
ture ’ (De Terra, 1935, p. 68). 

Many examples may be seen in the Himalaya of dissected 
gravel terraces lying high up along the sides of the modern valleys. 
Some are given below : — 


Eiver. 

Locality. 

Co-ordinates. 

Height of 
terraoe above 

Sutlej 

. Bilaspur 

. 31° 20' ; 76° 46' 

river bottom. 

400 feet. 

Giri . 

. Hill 3619 . 

, 30° 36" ; 77° 28' 

1,600 „ 

Aglar 

. Lagraau • 

. 30° 30' ; 78° 07' 

L200 „ 

Jakhan 

• Bimet 

. 30° 14' ; 78° 16' 

800 

Bhagirathi 

. Dang 

. 30° 28' ; 78° 24 

1,100 „ 

Bhagirathi 

. Tehri 

. 30° 23' i 78° 29' 

700 „ 


A system of 4 to 5 dissected gravel terraces is commonly ob- 
served in the three main valleys (Jhelum, Kishenganga and Chenab) 
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of the Kashmir mountains. The highest terrace is over 1,200- 
1,500 feet above the present valley-bed. These terraces are in 
part built of moraines of the later phases of the Pleistocene glacial 
epoch of Kashmir, and De Terra is of the opinion that the Jhelum 
terraces are connected with the three last ice advances and their 
respective interglacial periods. It should be pointed out that 
these gravels are obvious river gravels, with well rounded boulders 
some of which are foreign to the immediate neighbourhood in 
which they arc now found. The history of the elevations and 
depressions responsible for the various terraces found in the Hima- 
layan foothills is complicated and has not yet been worked out. 
It may be assumed that the height of these gravels above the 

modem valley bottom in many cases represents, in part, the eleva- 
tion which has occurred in recent times. 

Post glacial uplift of the main Himalayan range is indicated 
by the deep incision which has taken place in the Karewa plat- 
forms of Kashmir, which contain interbedded glacial moraines at 
two or three different levels. In a few cases the Karewas show 

steep dips with nionoclinal folding of the strata. Similar uplift 
is also scon in the glaciated Bhagirathi valley below Gangotri. 

Here a deep gorge has been formed since the valley was forsaken 
by the Pleistocene forenmner of the Gangotri glacier. Unfor- 
tunately it is still not known to which period of ice advanced the 
glaciation of different parts of Kashmir and the north-east face 
of the Pir Panjal is due ; the period of glaciation of the lower part.s 
of the Bhagirathi valley by Gangotri temple is also uncertain. 

Hence it is impossible to date the uplift and incision accurately, 
but it is certainly middle Pleistocene or later. 

Further evidence of recent rejuvenation, probably a conse(|uence 
of uplift, is afforded by the steepening of the transverse V-profiles 
in many of the Himalayan rivers — such as the Bhagirathi rivTr 
of Tehri Garhwal. 

In Kashmir and Sikkim, river capture provide further indirect 
evidence of uplift. Oldham gives a very good instance of river 
capture in the Sind tributary of the Jhelum river in Kashmir and 
Garwood has described the capture of the east- west subsequents 
by actively north-cutting consequents, which he attributes to up- 
lift in the Kangchenjunga region. 
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(6) The sub-alluvial boundary between the Siwaliks and the 

BASEMENT OP PENINSULAR ROCKS. 

There is unfortunately little information with regard to the 
extension of the Siwaliks below the alluvium towards the Peninsula. 
Tertiaries are absent along the northern edge of the Peninsula, 
and hence the boundary between the continuous outcrop of the 
Siwaliks subjacent to the Himalaya and the basement must lie 
concealed below alluvium. Siwaliks crop out along the southern 
border of Shillong plateau, so that it might be assumed that they 
lie moderately close to the northern edge of the Peninsula near 
and west of the Rajmahal hills. Further, the extensive east- 
west outcrop of the Siwaliks in the Potwar trough north of the 
Salt Range has the appearance of being the actual width across 
the regional strike of a band which, over the greater part of its 
extent, is concealed below alluvium. The Potwar geosynclinal 
trough (fig. 14) contains 25,000 feet of Tertiary sediments repre- 
sentative of all stages from Eocene to middle Pleistocene. It is 
regarded as only a small scale replica of the much larger Indo- 
Gangetic trough to its south-east and tectonically formed on the 
same plan. By inspection of the geological map, therefore, it 
might be assumed that the average width of the Siwalik zone 
(including the present outcrop and the portion concealed below 
alluvium) is about 90 miles along the foot of the Himalaya. 



H r~~i 

Pre-Tntury Eocent Mume Lr Sln/thk Up.Siw4lik Sub-Rtr*itt 


Fig. 14. — Section across the potwar gco^yncline. 
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The recent geophysical survey, carried out by the Survey of 
India necessitates, however, some caution in these assumptions. 
Colonel Glennie states (1936, p. 66) : — 

‘ The flat alluvial plains of North Bihar, devoid of marked topographical 
and geological features, form an ideal field for geophysical exploration. Pen- 
dulum results indicate, at the deepest part, a depth of over six thousand feet 
of light sediments, and since the underlying rocks have probably a notably greater 
density, the torsion balance should be very suitable for charting the lower surface 
of the alluvium. Again, it is known that the rocks of the Peninsula bordering 
the south edge of the Gangetic plain contain minerals capable of causing mag- 
netic effects, so magnetic investigation also is promising if these rocks underlie 
the alluvium.’ 

The gravimetric and magnetic results obtained by the Survey 
of India are satisfactory in being consistent, and it may there- 
fore be assumed that the change in physical properties between a 
denser and more magnetic foundation and a lighter and less mag- 
netic covering, represented by the line drawn in the section on 
page 69 of the quoted report, is a real one and is abrupt. If the 
Siwaliks were present below Motihari as a layer between the allu- 
vium and the basement, it would be expected that the change in 
physical properties would not have been so abrupt as is actually so, 
since the Siwaliks, being at a greater depth and more consolidated, 
would have a higher density than the alluvium, though less than 
the basement. The consistent results of the Survey of India would 
seem to indicate either that the Siwaliks are absent beneath 
Motihari, or that the combined Siwalik and alluvial formations are 
only 6,600 feet in thickness at this locality, and are both sharply 
contrasted in physical properties from the basement. The matter 
can only be one of speculation, but in view of the unquestionable 
thickness of the Siwaliks in Nepal, only 30 miles to the north of 
Motihari, we find it hard to believe that they are totally absent 
below Motihari, and we are led therefore to accept the second 
alternative. As far as this section is concerned, it is only neces- 
sary to add that the extent of the Siwaliks towards the south-west 
may not be so groat as inspection of the geological map would 
seem to suggest. 


Thickness of the alluvium. 

There is little or no geological information about the thickness 
of the alluvium. The deepest borehole (at Ambala) known to 
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U8 ifl only 1,612 feet and did not touch the rock-bottom. Numer- 
ous bores have been put down in the United Provinces and North 
Bihar, but none of them is over 600 feet and in no case has rock- 
bottom been reached. This is not surprising because, even if the 
bottom of the alluvium had been reached, there might still be a 
considerable thickness of Siwalik rocks to penetrate below the 
northern part of the alluvium before the peninsular basement was 
reached. Indeed, the gradation downwards from alluvium into 
Siwaliks Tvould make any estimation of the thickness of the allu- 
vium towards the north very difficult. 

The Siwalik deposits reach a thickness of from 16,000 to 18,000 
feet, and we may assume that the thickness of the alluvium, laid 
down under analogous conditions but in a shorter time, is less. 
R. D. Oldham (1917, p. 5) has stated his opinion as follows : — 

* The clearly defined character of the southern margin of the hills towards 
the plains, running with a regular sweep along the foot of the hills, and the ab- 
sence of detached outliers rising out of the alluvium, irresistably suggests that 
the boundary is determined by a structural feature similar to the mam boundary 
and the faults in the Siwalik area, and though no direct measurement of the depth 
of the undisturbed alluvium is possible, the fact that it is identical with, and a 
continuation of, the Siwalik deposits affords a tolerably certain indication. The 
total thickness of the Siwaliks, in the Kumaon and Oarbwal districts, was esti- 
mated by Mr. Middlemiss at an average of 16,500 feet ; Mr. Medlicott estimated 
the thickness of the Siwaliks north of Hard war at 15,000 feet, and the whole 
thickness is not exposed on this section. We may therefore' take it that the depth 
of the alluvial deposits, being a continuation of these Siwaliks, is not likely to 
bo materially loss than 15,000 to 16,000 feet at the northern limit of the plains, 
and we may safely say that the alluvium at the northern edge of the plains is very 
improbably much greater or less than about three miles in depth.* 

We turn next to the geodetic data. The earlier work of the 
Survey of India was interpreted by Burrard. At one time he 
considered that the Gangetic alluvium occupied a narrow rift at the 
foot of the Himalaya, the maximum depth of which was 20 miles 
or over 100,000 feet (Burrard, 1912, p. 11). This figure has been 
discarded by the Survey of India, since the geodetic evidence now 
leads to other results, and a rift of such dimensions is in opposi- 
tion to geological and geophysical experience. From an examina- 
tion of the geodetic data, R. D. Oldham, in the same memoir as 
that from which we have quoted above, considered that the depth 
of the alluvium reached a maximum, towards its northern edge, 
of 16,000 to 20,000 feet (1917, p. 82). Cowie, using the same 
data, adopted even higher figures. On Plate 1 of Co¥rie’s paper. 
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both the Punjab and United Provinces — Bihar troup;hs are shown 
as having thicknesses of 20,000 feet (1921, p. 6). 

Kecent work has led E. A. Glennie to estimate the thickness 
as considerably leas (1932, p. 18). Using the gravity results from 
Gonda and Gainsari stations, he estimates that the g — Yj.' anomalies 
are —50 and —52 mgals. respectively. Adopting a density for 
the alluvium of 2-1 G, and presuming a deiLsity of 2*67 for the 
basement, Glennie calculates that the depth of the allii\ium is 
only 6,500 f(‘et. The same figure is adopted by Glennie in his 
report on the n'cent geophysical survey of Bihar, a portion of 
vhich has already been quoted in the preceding section (1935, 
p. 59). A north-south section is given in this report running 
through Motihari (fig. 16). The g-y^ anomaly at Motihari is 
— 56 mgals. a figure slightly in excess of that of Gonda, Imt not 
enough to affect materially the figure adopted from the earlier 
paper. The question of the possibh* presence of Siwalik rocks 
between the alluvium and the basement was not discussed by 
(ilennie, but, as wo have already stated on page 133, we find it 
hard to believe that the thick Siwalik deposits of Nepal should 
have died out completely below Motihari, only -h) miles to the 
south. The estimate of 6,500 feet is evidently assumed by Glennie 
to apply to the combined Siwaliks and alluvium. Accepting the 
assumptions made by the Survey of India, this figure fits the geo- 
detic data, but it does not conform with geological facts. It 
cannot be regarded as definite and may well be greater. 


Instability of the sub> Himalaya and Gangetic trough. 

We come next to the question of the relative stability of the 
geological units described. 

The highest nappes, such as the Pir Panjal and Kashmir nappe, 
the Jutogh nappe of the Chor area, and the Garhwal nappe east 
of Dehra Dun, arc so dissected by erosion that they occur only as 
outliers incapable of receiving any lateral stress from outside. 

They are, therefore, inert and can only play a passive part in modern 

earth-movements. The same nappes almost certainly are to be 
found in the main Himalayan range, where dissection is less and 

the umts are able to receive and translate lateral stresses. But 

the distance of the main ranges from the plains and the lack of 
observations do not permit of further discussion about these tlirusts. 


L 
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Coming to the Murree, Krol and Main Boundary thrusts the 
inferences about stability are less sure. The Krol thrust is highly 
folded and considerably dissected, so that widespread horizontal 
translation along the original thrust plane would be impossible. 
On pages 124 and 126 it was considered that there may have been 
two stages of movement ; the first and greatest movement during 
the Helvetian and the second during the Pliocene and Pleistocene. 
Auden believes that the later movements may have occurred in 
response to isostatic uplift consequent on tectonic accumulation 
during the earlier Tertiary. It is possible that these movements 
utilised those portions of the faults and thrust planes already in 
existence which permitted easy yield. Isostatic elevation of a 
mass must result in partial freedom from the lateral pressure which 
had previously occurred on all sides when the mass had been at 
a lower crustal level, with the consequence that there would be a 
tendency for the elevated portion to expand outwards as well as 
to rise vertically. Outward movement towards the south-west 
would be only possible along those portions of the thrust-planes 
which dipped to the north-east, and it is possible that the over- 
thrusting of the pre-Tertiaries upon the Siwahks may be explained 
as a rejuvenation of movement along the suitably situated portions 
of the earlier thrusts. 

The boundary between the Siwaliks and the alluvium is known, 
paiticularly from recent work of Wadia and H. M. Lahiri, to have 
been unstable within recent times — we may suppose since the 
upper Pleistocene or even post-Pleistocene. The thrusts mentioned on 
pages 126 and 127 appear to indicate more than merely the horizontal 
component of isostatic uplift, since the horizontal displacement 
of the thrust near Mastanpura would appear to be at least IJ 
miles in extent. The horizontal displacement near Rawalpindi 
appears to be inconsiderable. 

As stated on p. 132, we do not consider the buried boundary 
between the Siwaliks and the peninsular basement to be of tec- 
tonic significance. We consider it to be an overlap across the 
Peninsula similar in nature to that now seen between the alluvium 
and the Peninsula. There is a possibility, however, that thrusts 
occur within the concealed Siwaliks of the same type as are known 
to occur within the present outcrop of the Siwaliks, between the 
Punjab and • Nepal. The postulated existence of a considerable 
amount of folding in the floor of the Gangetic basin underneath 
the alluvium must be taken into account. 
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These thrusts within the Siwaliks are likely to be shallow fea- 
tures, resembling those of the Swiss Jura mountains so graphically 
figured by Buxtorf. The Jura mountains appear to be based 
upon a thrust plane which has utilised the mobile Anhydritgruppe 
of the Triassic. The Siwaliks and the peninsular basement are 
two units of such different degrees of competence that it is quite 
likely that the boundary between them is tectonic (the former 
surface of overlap being utilised later as a thrust plane), and that 
the Siwaliks have moved as a single unit across the basement in 
response to compression, while at the same time they were folded 
and thrust within themselves in the same way as the Jurassic and 
Cretaceous rocks of the Swiss Jura moimtains, (Auden, 1937, p. 417). 


Post Mesozoic movements in the northern part of the 

Peninsula. 

(J. A. Dunn.) 

We may now remark on certain movements which have taken 
place on the southern side of the Gangetic Plains and within the 
northern part of the Peninsula itself. Here, the evidence on which 
we have to rely is sparse and has not that preciseness of meaning 
which evidence in the Himalaya provides. For our yardstick we 
have now to rely on the degree of erosion of old peneplains by rivers 
working almost at base level over most of their distance, and as 
datum hues we have only the base of the Gondwanas, the base of 
the Rajmahal and Deccan Traps, and in addition a few coastal 
Tertiary deposits. However, even with the paucity of informa- 
tion at our command, certain salient features more or less conclu- 
sively demonstrate a succession of uplifts during the period from 
early Tertiary down to the present day. 

Immediately south of the epicentral tract is the north-east 
corner of the Peninsula around which the Gangetic alluvium laps 
to the north and east. At this corner there is quite a wide expanse 
of Rajmahal traps associated at the base with late Gondwana sedi- 
ments containing plant remains. These late Mesozoic rocks directly 
overlie the Archean gneisses which stretch away to the west in the 
form of an old plain. The base of the Rajmahal rocks, as now 
exposed along their western mai^n, is practically at the level of 
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the present plain surface of Archean rocks, hence it is apparent 
that at thivS point there could never have been uplift since the lavas 
were poured out, although there may have ]>een subsidence. As 
the lavas disappear to the east below the alluvium at a lower level 
than the western margin, it is also apparent that the lavas have 
been tilted slightly to the cast. 

Surveying the country west of the Eajinahal traps, and along 
the edge of the Gangetic alluvium, we find a terrain possessing all 
the earmarks of an old plain surface of Arch('an gneisses and schists 
at a general level of 250 feet, deeply decomposed and with occa- 
sional residual hills, usually of quartzite, rising a few hundred feet 
higher. South from here the surface gradually rises to plateaux 
which will be mentioned shortly, but the character of the country 
retains its monotonous simplicity as far west as Sasaram. The 
edge of the alluvium overlaps this gneissic* plain very irregularly, 
and far out in the alluvium, particularly near Gaya, residual hills 
project above the general level of the plains. 

At the Son river a sudden change becomes noticeable along the 
border of the alluvium and the Peninsula, for here the alluvium 
abuts against the Kaimiir scarp bounding the Kainiur plateau which 
rises several hundred feet above the plains. This plateau, with 
its gently rolling uplands, is characterised by the steep gorges 
through which the streams debouch from the s(mrp on all sides, 
although further north the streams are at base level. This erosion 
at the edge of the plateau provides a (haracteristic; juvenile topo- 
graphy, in contrast with the surface of the plateau above and of the 
plains below. On the southern side the Son river has cut a narrow 
valley (in places, perhaps, along a fault), separating the Kaimur 
plateau from a similar plateau to the south and at about the same 
level, and which has clearly been uplifted in late Tertiary times. 

Returning now to the country soutli from Gaya and Dumka. 
South from Gaya the general level of the country gradually rises, 
with here and there sudden increases of gradient consequent upon 
vagaries of denudation, until eventually a height of 2,000 feet is 
obtained. But on this gradually rising surface, for the most part 
flat or gently undulating, there are residuals such as the curious 
mass of Parasanath rising to 4,480 feet and others rising to much 
lesser heights, and consisting mostly of Archean quartzites and 
schists. None of these lower residuals carry any clear signs of an 
older surface, and, although it is probable that some of them are the 
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remnants of an older level surface, none possess any features which 
would suggest it. 

On its southern side the Hazaribagh plateau is separated from 
the Ranchi plateau by the east- west Damodar valley, some 20 
miles in width, which provides one of the interesting structural 
features of Chota Nagpur. The north and south sides of this 
valley are steep straight escarpments enclosing large basins of 
Gondwana rocks which may be followed east beyond tlie line of 
this valley to the Jharia and Raniganj coalfields. 

Noting the general level of the basement of these Gondwana 
basins, from the Hutar coalfield in the west to the Raniganj coal- 
field in the east, there is a definite increase in the elevation of this 
basement as we go west. The Raniganj field, being close to the 
edge of th(‘ Rajmahals (where, as we Lave already pointed out, 
there cannot have been post-Mesozoic uplift), there cannot have 
been post-Mesozoic, uplift at the eastern edge of this field ; there 
may have been post-Mesozoic subsidence, but it is probable that 
most of the subsidence of these coalfields, which carried their base 
to over 2,000 feet below sea level, took place during their deposition 
in Mesozoic times. However, apart from these considerations, the 
evidence indicates, therefore, a gradual tilt along the Damodar 
valley with uplift to the west. Where it is bounded by the Hazari- 
bagh and Ranchi plateaux the scarps indicate a still further uplift 
to the north and south, and the comparatively young topography 
along these scarps and within this valley proves that the final Jiiove- 
ment was, at earliest, middle to late Tertiary in age. 

Coming on to the Ranchi plateau, standing at a general level 
of 2,000 feet, w^e find almost a perfect example of an old peneplain, 
with rivers on the plateau having almost base level appearances, 
but as they approach the edge the rivers suddenly steepen and 
form long precipitous narrow gorges. Decomposition of the gneissic 
rocks in these uplands had bitten deeply, here and there smooth 
rounded tors project, and there is every characteristic of a very old 
land surface. West and then north from here the country connects 
up with the plateau previously described south of the Son river. 
Here and there are residual ridges and, especially to the west, 
severely eroded residual plateaux, such as that of Neturhat, al 
stand at a general level of 3,000 feet and are all heavily cappel 
with laterite. They are clearly the remains of a still older 
peneplain. 
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Right at the extreme west these older 3,000 foot plateaux are 
of Deccan traps, so that the old land surface which these plateaux 
represent cannot be older than early Tertiary. This old early 
Tertiary peneplain was uplifted 1,000 feet and the new peneplain 
formed was practicaUy completed down to base level before the 
next uplift commenced, necessitating a period of geological time 
extending at least into the latter half of the Tertiary. 

This next uplift, of the Ranchi and Hazaribagh plateaux, gave 
rise to an abrupt scarp on the eastern side of the Ranchi plateau, 
although the movement to the north on the eastern and northern 
sides of the Hazaribagh plateau, is represented by a gradual tilt. 
Between the two plateaux the Gondwana basin was not uplifted 
to the same extent, particularly at the eastern end ; adjustment 
presumably took place along the old boundary faults, so that the 
Gondwanas were left in the trough between the two plateaux and 
have thus been preserved. 

The eastern edge of the Ranchi plateau, represented either by a 
fault or a steep upwarp, has been deeply dissected by long re-entrant 
valleys, and close to the edge small residuals of this mid-Tertiary 
peneplain are becoming isolated in the lower plain. From here 
east to the Gangetic alluvium the surface has a slight gradient, but 
is practically the mid-Tertiary peneplain at its old level ; the streams 
are almost at base level once they leave the edge of the plateau. 

South from the Ranchi plateau a hill country, showing quite a 
young topography, continues through the Eastern States towards 
the Madras Presidency. The general level of the hilltops is that 
of the Ranchi plateau, and this deeply dissected region represents 
a southerly continuation of that elevated mid-Tertiary peneplain. 
Occasionally higher hills and smaller plateaux, such as at Nimdih 
to the north of Chakradharpur, rise to 3,000 feet, and perhaps 
represent higher residuals from the early Tertiary peneplain. 

From this dissected plateau region there is a more or less gradual 
and irregular descent to the coastal plains, but on their eastern side, 
close to the edge of the coastal plains proper, there is clear evidence 
of even a later uplift which has taken place subsequent to ihe de- 
position of coastal gravels of presumably late Tertiary age. Dunn 
has recently described (1933, pp. 285-286) the evidence for uplift 
in this region as provided by certain gravel-and laterite-capped 
small plateaux.- The level of these plateaux is 850 feet above sea 
level, whilst that of the plains at the edge of the dissected Ranchi 
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plateau is 600 to 700 feet, but across tbe Subamarekha river there 
is a sudden change in level to 250 to 350 feet at the base of the 
same gravels. Dr. Dunn has deduced from the evidence a general 
upwarp along the coast of 400 feet with an additional differential 
upwarp of 300 feet west of the Subamarekha, giving a total of 700 
feet. The differential uplift of 300 feet took place at an early 
stage, but the additional general coastal uplift of 400 feet has con- 
tinued to the present day. The tendency of this uplift to steepen 
the gradients of the Subamarekha and other rivers has been com- 
pensated by the seaward lengthening of the rivers as a result of 
deposition of sediments. 

Summarising the foregoing discussion we have, in this part of 
India, the following sequence of uplifts : — 

1. An early Tertiary peneplain, uplifted 1,000 feet to the south 
and with a tilt to the north-east. It is represented by the Neturhat 
and other plateaux, residuals above the present Ranchi plateau, 
whilst the Rajmahal bills are also representative of its north-eastern 
comer. 

2. A further uplift of perhaps 1,000 feet sometime between 
middle and late Tertiary, reaching a maximum in the Ranchi plateau 
and its dissected extension to the south. This uplift was in the 
nature of a tilt to the north and north-east from the Hazaribagh 
plateau, but at the Son river the northern edge of the upwarp 
was more abrupt. On the eastern side the upwarp was also abrupt. 

3. Further south, after an interval sufficient to permit the 
formation of quite a well-defined peneplain, a further uplift of 
300 feet took place with at least a sharp upwarp in the Subarnarcklm 
region. 

4. A gradual further rise in the south and also along the east 
coast, amounting to 400 feet, down to the present day. 

It is apparent, then, that the Tertiary period has been one of 
no inconsiderable movement in this part of the Peninsula, although 
not on the same scale as in the Himalaya. The t)q)e of movements 
in the two areas were vastly different, however, for on the Peninsula 
they were of the block type. 

To the south of Chota Nagpur the upward movements were 
cumulative, whereas further north, close to the edge of the Gangetic 
alluvium, and particularly around the Rajmahal hills, there was no 
apparent differential movement— there may have been subsidence, 
but certainly not uplift. 
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These considerations are diagrammatically shown in fig. 16 , in 
which the Kaimahal hills region is regarded as the hinge zone between 
the Gaiigetio down-warp and the Chota Nagpur upwarp. 

S. N. 


Chota Na 3 pur 



This sexjtion emphasizes the danger in laying too much stress on 
movements actually manifest in the Himalaya as the source ol (*art]i- 
quakes in this part of India. The evidence of this part of tlie 
Peninsula indicates the influence of north-south compression from 
Tertiary to Recent times. This compression is presumably active 
where the peninsular gneisses are incorporated with the southern 
limit of the root of the Himalaya, and many of our eartlKpiakes 
may be associated rather with the block movements witJiin these 
gneisses than with the fold and thrust raovcmients of tin* younger 
rocks. 



CHAPTER IX. 


SURFACE QEOLOdlCAL STRUCTURES AND EARTHQUAKES. 

(D. N. Wadia and J. B. Auden.) 

The Assam earthquake of 1897. 

A fair amount of evidence has been collected within the last 
forty years concerning the relationship between visible geological 
structures and earthquakes. 

The Assam earthquake of 1897 was described in the classic 
memoir of R. I). Oldham (1899), and a re-interpretation was made by 
him 27 years later of the manner of origin of the shock (1920). 

* In the central area of the .shock there was no master fault or fracture which 
could be regarded as the origin, but a large area over which the disturbance was 
everywhere great and in many places extreme. Throughout the greater part of 
the Garo and Khasia hills the intensity probably nowhere sank below V1I1“ of the 
Mercalli scale, more usually it reached fuUy X^*, and in places eviui the XI1° of the 
exUmsion, proposed by Cancani, would have been inadequate as a measure of 
intensity. In this region there were repeated indications of the distortion of the 
ground, giving rise to changes of level, faults, and fractures, of the solid rock. 

The comph'xitv of the disturbance and the existence of a network of fractures, 
each of which might be regarded os a local origin of shock, led to the suggestion 
that they were the secondary fractures and faults, resulting from a general move- 
ment along a thrust plane.* 

There were difficulties, however, in the assumption that move- 
ment along a thrust-plane was the origin of the shock. The area 
of damage extended beyond the possible limits of the supposed 
thrust-plane. Moreover, there was a band of maximum disturbance 
which traversed the epicentral area from north to south just east 
of the 91° meridian, crossing all the great tectonic structures oblique 
to the strike : — the Garo hills, the Brahmaputra vaUey and pene- 
trating even into the Himalaya. The existence of this band is 
held to be incompatible with localisation of the origin of the shock 
to a surface feature such as a thrust-plane. There is, in addition, 
no evidence that a thrust-plane of any magnitude occurs in the 
region of the Garo hills. Just south of Tura Dr. Fox noticed that 
the gneiss was overthrust upon the Eocene, but this appears to be 
a local feature (Fox, 1934, p. 77). Over the greater part of the 

( 148 ) 



144 


BIHAR-KSPAL EARTHQUAKE OF 1934. 


southern edge of the Garo hills there is only a monoclinal fold. 
There is, therefore, no geological evidence for the overthrust at one 
time postulated by Oldham. Quoting Oldham again (1926, p. 56) : — 

* It is, therefore, not to tectonic processes, revealed by the surface rocks, 
that we can look for the ultimate cause of the earthquake ; but rather it must be 
sought for in the region below the outer crust of the earth. 

The distribution of extreme violence of shock was so localised, and in many 
cases so definitely related to fractures and displacements of the solid rock, as to 
leave no room for doubt that the two were closely connected, as cause and effect ; 
but the elaborate and extensive syatem of fracture, and distortion, of the outer 
rocks, was itself the secondary result of a deep seated cause, which is shown, by 
the facts recited above, to bo independent of the tectonic structure of the rocks 
exposed to observation.’ 

Oldham’s final explanation is the occurrence of a bathyseism, a 
deep-seated impulse below the crust of the earth resulting pro- 
bably from a violent and sudden expansion of magma. This 
expansion he considered, as due to a process outlined by Fernior 
(1913, p. 41 and 1914, p. 65), in which a recombination of chemical 
constituents takes place with changes in molecular volumes. 


The Kangra Valley earthquake. 

With regard to the Kangra earthquake, Middlemiss came to 
the following main conclusions (1910, pp. 335-340) : — 

(1) The two epicentres of Kangra and Rajpur are situated at 
points where the Tertiary rooks make re-entrants towards the central 
Himalaya. These two embayments — 

* must have been places where special local conditions have offered a temporary 
resistance to the normal onward march of those regular waves of flexure.* 

(2) The two epicentres lie approximately but not exactly along 
the line of the main boundary fault — 

* . . . the position of the actual axial centrum, as derived from the isoseists, 
in the case of the Kangra area, was more nearly coincident with that of the reversed 
fault between the younger Siwalik conglomerate and the older sandstones than 
with the main boundary itself.’ 

We have already discussed (p. 122) the nomenclature of the 
main boundary fault. Middlemiss, at the time of writing his 
memoir, considered this fault as the plane separating the Tertiaries 
from the older Himalayan rocks, and not that dividing ofi the 
Siwaliks from the Mprrees. In reality, however, tiie Kangra 
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epicentre does occur along the main boundary fault, as defined by 
Medlioott.^ The Rajpur epicentre on the other hand, lies along 
the Krol thrust, the homology of which is at present uncertain, 
since it is not yet known to what extent the Murrees are present 
near Rajpur. If Murrees are absent, the Krol thrust will in fact 
be the main boundary fault. From the point of view of this 
memoir, the actual nomenclature is not of much importance, although 
it was thought advisable that the confusion arising in connection 
with it should be cleared up. 

Returning to Middlemiss’ conclusions, it is seen that there are 
two concepts involved first, the idea of a packing up of folds in 
response to resistance, presumably from the peninsular basement ; 
second, the localisation of the earthquake movement near fault 
planes. 

Recently, Auden, as a resuR of his work in the Dehra Dun area, 
has been led to doubt the significance of the first conclusion in so 
far as it concerns the Rajpur epicentre. There is little indication 
of a packing up or virgation of folds round the Dehra re-entrant. 
On the contrary, the folds preserve a general N.W. — S.E. trend, 
and are abruptly truncated by the re-entrant, which appears to 
be an erosional feature and not a syn taxis. There are admittedly 
changes in the directions of the fold axes between the Tons and 
Ganges rivers, but these changes are much less in magnitude than 
the actual deflection of the topc^aphical ranges bordering the 
Dun. 

The topographical embayment around Rajpur was regarded by 
Medlicott as a pre-Siwalik erosional feature, against which the 
Siwalik rocks were deposited. On this idea no deflection around a 
resistant basement would need in any case to be postulated. The 
absence of deflection does not, however, indicate that the concep- 
tion of Medlicott is correct, for it is certain that the boundary 
between the Siwaliks and the pre-Tertiaries is in fact the Krol 
thrust. This » thrust, although concealed by dun gravels over the 
greater part of Map No. 63 J/S. W., must make a right-angle bend 
around Rajpur and Kalanga hill, and must show considerable vari- 
ation in direction of dip, from northwards near Rajpur to E. S. E. 
on the west side of Kalanga. While the pre-Tertiary rocks brought 
forward by this thrust do not appear to have been deflected or 

» Bliddlemias himsolt’ adopted Medlicott’s usage in a later paper. lUc, O 40 I. 8urv, 
/nd., L, p. 122, (1019>. 
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packed up to any marked extent around Rajpur, the surface upon 
which they travelled may well have been uneven, with an elevation 
in the vicinity of Dehra. If this be so, it is possible that additional 
strains have been set up where the thrust has been arched over this 
hypothetical obstacle. These strains, originating presumably as 
long ago as the Miocene (see p. 124), may have been accentuated 
by recent isostatic movements and have resulted in the liberation 
of elastic earthquake waves. 

A similar change in direction of the Krol thrust occurs in the 
neighbourhood of Rikhikesh, a place which is not known to be 
particularly seismic, and it is probably unwise at present to emphasise 
the possible connection of seismic activity with deflections in thriLst- 
planes. 

Turning to the connection between the Kangra earthquake and 
the visible thrusts, it seems that movement probably occurred along 
the main boundary fault which crops out at the surfa(;e. The 
average depth of origin of the shock is regarded by Middlemiss to 
have ]»een from 16 to 20 miles. It is difficult, however, to suppose 
that the thrust between the Siwaliks and the Miirrees desccuids to 
that depth, since it is very probable that the faults and folds within 
the Tertiaries are for the most part superficial features confined to 
these rocks. We are led. therefore, to a similar conclusion to that 
of Oldham, that there must have been some deep-seated disturbance 
which was manifested at the surface by thrusts alr(‘ady in existenct*. 
There is a difficulty in this concept in that a disturbance at such a 
depth would not presumably be localised superficially by jnovement 
along a narrow zone nearly coincident with the reversed fault 
between the Murree series and the Siwafiks. Moreover, as Mr. 
West has recently indicated, if the earthquake had been due to 
movement along either of the two boundary faults, at a depth of 
20 miles or more, the epicentre would have been many miles to the 
north of its actual position (1937, p. 20). 

Burmese earthquakes. 

Burma is of great interest in connection with the study of tectonic 
earthquakes. In a recent memoir Coggin Brown (1933, p. 133 
and Plate 6) has discussed the bearing of geological conditions on 
the causes of recent Burmese earthquakes, and has shown that 
their epicentres are situated along a definite alignment running 
from Shwebo, just’ north of Mandalay, to Pegu, near Rangoon. 
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This alignment follows closely the railway line from Rangoon to 
Mandalay. Coggin Brown’s conclusions are that the eight earth- 
quakes which have occuired in Burma between 1929 and 1931 
have their origin in the growth of a fault or faults lying in an un- 
stable region at the foot of the Shan plateau. Moreover, there 
arc (considerable analogies between the structure of Burma and that 
of northern India. La Touche (1913, p. 357) has compared the 
Shan Plateau with that of Tibet ; the fringe of Arche^n and Paleo- 
zoic rocks, which borders tliis plateau, with the Himalaya ; and 
the zone of Tertiary rocks along the Irrawaddy with the Siwalik 
belt south of the Himalaya. The Burmese earth(]uak('s have 
occ, lined along an unstable zone at the foot, and just west, of the 
Shan plateau in a manner comparable with the folded and 1‘auHed 
belt of Siwaliks and alluvium along the northern edge of tlu* (Jan- 
getic valley. 

Baluchistan earthquakes. 

The Baluchistan earthquakes have been (liscuss(*(l n'centiy by 
Mr. W. H. West [1935 (2), p. 200], who has collected information 
eoncerning the earthquakes which havu* ociiirred in Bahicliistan 
during the Inst century of sufficient intensity to cause' damage to 
buildings. He has shown that the epicentres ar(‘ groupi'd around 
the pronounced re-entrant at the northern end of which QiiotLi is 
situated. In this re-entrant there is a packing of foldvS as if these 
had been caught up by some projection in the peninsular ])asenient 
at the time of the Tertiary orogenesis. West has also shown that 
none of the known faults had any connection with the origin of the 
Quetta earthquake of the 31st May. 1935. He concludes by saying 

(p. 222) -- 

‘ Whalovor the exact origin may have heen, however, it ReeniH likely to have 
boon connected with the strain which must exist at the head of this ro-entrant 
angle, a strain which can have boon relieved only locally by the jiresent earth- 
quake.’ 

The relationship is similar to tlrai envisaged by Middlemiss, 
though in the case of the Kangra earthquake, the j)Hcking up of 
folds is far less pronouiuied, being absent altogetluT from the Uajpur 
epicentre. 

Bihar-Nepal earthquake. 

We have seen that in the case of the Bihar-Nepal earthquake 
there were three areas of maximum damage corresponding to X or 
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more of the Mercalli scale : — the Nepal valley ; between Sitamarhi 
and Madhubani ; and at Monghyr. The Nepal valley lies within 
the Himalaya. The main epicentral region is entirely upon allu- 
vium. Monghyr lies at the junction of the alluvium and the 
Peninsula. All three geological units appear to be involved in this 
earthquake, whereas, superficially at any rate, the Baluchistan and 
Kangra earthquakes were connected only with the Tertiary mountain 
chains. The nearest parallel to the Bihar-Nepal earthquake is that 
of Assam in 1897. It is probable, however, that the peninsular 
basement is involved also in the Kangra and Baluchistan earth- 
quakes and that the apparent distinctions are not in reality very 
significant. 

It is obvious that there can be no question of the Bihar-Nepal 
earthquake being connected with any re-entrant in the Himalaya. 
It occurred where the arcuate disposition of the mountains is most 
pronounced. 

With regard to Himalayan faults, the structure of the Nepalese 
mountains is in essence similar to that of the Himalayan foothills 
between Dehra and Kathgodam. A thrust separates the Nahans 
from the underlying upper Siwalik conglomerates both at Hitaura 
(27’’ 26' : 85° 02') and near Nepaltar (26° 54' : 86° 32'). The so- 
called main boundary fault, which is almost certainly a continuation 
to the south-east of the Krol thrust, is found just north of Sanotar 
(27° 28' : 85° 02'), on the first col E.N.E. of Udaipur Garhi (26° 
57' : 86° 32') and probably runs through Dharan Bazar (26° 49' : 
87° 17') to pass below Tindharia on the Darjeeling-Himalayan 
railway. Another thrust .occurs 1*6 miles E.N.E. of Udaipur 
Garhi, and marks the boundary between the metamorphics and the 
underlying possibly Krol rocks. Auden believes that this thrust 
may be the same as the Garhwal thrust of the Dehra Dun area. 
A section is given in Records, Geological Survey of India, Vol. 69, 
p. 146. 

The Nepal valley lies to the north of all these faults, while the 
epicentral region and the area within isoseist IX between Patna 
and Monghyr lie to the south. 

Intense damage in the Nepal valley seems to have been confined 
to structures built upon the Pleistocene gravels and recent alluvium, 
and was far less severe, and sometimes even negligible, on actual 
rock outcrops. The little that is known about the geology of 
the Nepal valley has been described by Auden in Records, Geological 
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Survey of India, Vol. 69, pp. 140-152. The E.N.E.— W.8.W. 
strike of the X isoseist in the valley is strongly inclined to the 
general W.N.W. — E.S.E. strike of the Himalaya in this region, 
and, failing direct geological evidence which can only be produced 
by detailed mapping, we see no reason to postulate a fault below 
the abgnment of the isoseist which would be so oblique to the 
strike. It seems likely that, had there been no alluvial basin, 
the damage in the valley would have been no more intense than 
that at Darjeeling, and that it is not necessary to look for local 
undiscovered faults as an explanation of the increased severity. 
We prefer to regard the region of the Himalaya within isoseist 
VIII, stretching from just west of Katmandu as far as Darjeeling, 
as structurally equally involved in the earthquake. 

We come next to the epicentral region between Sitamarhi and 
east of Madhubani. On Plate 2 the isoseismal lines are shown in 
red for the whole of India, while the heavy black broken line represents 
the course of the main boundary fault. The area enclosed by 
isoseismal X lies some 50 miles from the main boundary fault, and 
38 miles or so from the nearest outcrop of the Siwalik rocks. 

While the damage to Udaipur Garhi and Dharan is certainly 
great, it cannot be stated that the intensity at these places bears 
any definite relationship to the boundary fault or thrust plane. 
No signs of movement were seen along the thrust plane where it is 
exposed near Udaipur Garhi, The houses at Udaipur Garhi and 
Dharan, being of very unstable construction, have naturally collapsed 
more than the bamboo mud huts of the villages in the plains just 
below. Hock falls are not confined to the vicinity of the thrust- 
plane, but scar the hill sides around Udaipur Garhi for miles to north 
and south. Whatever movement may have occurred along this 
thrust-plane below the surface, nothing remarkable happened at 
its outcrop. It is more probable that the movements responsible 
for the earthquake originated further south, along a fault zone that 
is now concealed by the Gangetic alluvium. 

The significance of the slump belt, and of the area of apparent 
subsidence determined by the Survey of India is almost certainly 
that the alluvium there has received a most severe shaking as a 
result of lying immediately above the main zone of disturbance. 

The surface characteristics of the slump belt, while an indication 
of the location of the focal region, do not, however, afford information 
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concerning the nature of the fracture below the alluvium, which 
was responsible for the earthquake. The earth fissures which were 
observed were purely superficial effects in the alluvium, a conse- 
quence of its incoherent nature. Hence, conclusions drawn from 
a surface examination as to the nature of tlie underlying fracture 
or fractures must be hypothetical. 

The elongated trend of the isoseismal ellipses strongly suggests 
the linear nature of the centrum or focal region, and the occurrence 
of one or more fractures below the Gangetic alluvium between 
Motihari and Purnea may, with some certainty, be postulated. 

From the parallelism of the major axis of the ellipse of isoseismal 
X, between Sitamarhi and Madhubani, and of the larger slump 
belt between Motihari and Purnea, with the zone of thrusts in the 
Himalaya, it is possible to infer that the zone of fractures may 
continue eastwards, still parallel to the Himalaya, as far as Dhubri 
in Assam. Dhubri, as is well known, is situat(‘d in a higldy un- 
stable area (Gee, 1934). Westwards, this fracture zone probably 
dies out against the north-eastward continuation of the Aravalli 
range (Delhi ridge) below the Gangetic alluvium, though, from the 
rapid fading in intensity of the shock to the W.N.W. of Motihari, 
it is evident that considerable movement along this zone was con- 
fined during the last earthquake to Bihar. 

We considered on page 137 that any thrusts or folds existing 
in the Siwaliks below the alluvium are likely to be superficial, and 
not to penetrate far into the basement. The recent geophysical 
survey carried out in Bihar shows an abrupt change in the gradient 
of the boundary surface between the alluvium and the basement 
(Glennie, 1935, p. 59). We believe that this boundary surface is 
probably one separating the combined alluvium and Siwaliks from 
the basement, but this does not affect the argument. 

Colonel Glennie writes : — 

‘ A final interpretation is not possible from a single traverse line of this nature. 
The figure below is consistent with the results. It may be supposed that there 
has been a southerly movement of a concealed thrust fault just south of the Nepal 
boundary, and that the feature just south of Motihari has opposed southerly move- 
ment in the lower layers of the alluvium, so that there is an enhancement of surface 
effects in this region. If this is correct then the same feature should screen the 
areas further south 

This evidence thep is strongly in favour of screening by the feature south 
of Motihari.* 
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Fia. 16 .— Sub-alluvial jiroiile across North Bihar, acconlmg (o K. A. Clennie. 

It will be noticed that Colonel Glennie aKsumes the existence 
of a thrust fault just south of the Nepal boundary, i.e,, ])elow Kaxaul, 
and that the bluff below Motihari has prevented the lower layers 
of the alluvium from moving southwards. It is difficult to see 
the reason for these assumptions. Firstly, there is nothing in the 
section figured above to suggest which of the changes in gradient 
(jorresponds to the postulated thrust fault. Secondl}% if the thrust 
fault dips to the north, the undertlirust portion (south of Kaxaul) 
may be supposed to have been moved northwards relative to the 
overthrust northern block, Tn this case the Iduff in the basement 
below Motihari, instead of opposing southeiiv movtunent of the 
lower layers of the alluvium and Siwaliks, would act as a buttress 
favouring the northward movement of these lowt‘r alluvial layers 
below the thrust-plane. It is not sup])osed by us that the alluvium 
and Siwaliks were involved in any extensive lateral movement. 
Tn the case of earthquakes in which a correlation has been possible 
between the distribution of isoseismals and the location of faults, 
the actual movement recorded along these faults is very slight 
indeed, rarely exceeding a few inches or at most/ a few feet, both 
along the vertical and horizontal directions. 

The section given by the Survey of India might equally be held 
to imply a fault scarp below Motihari, where, from surface indica- 
tions, we had previously been led to postulate one. it cannot be 
supposed, however, that the geophysi(;al results have confirmed 

u 
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our postulated fault zone, because the section obtained from this 
evidence is capable of a number of interpretations. 

Finally, we should consider the areas within isoseismals IX and 
X between Patna and Monghyr. The IX isoseismal is elongated 
and narrow, and for most of its course lies just south of the Ganges. 
The area within this isoseismal does not, however, follow the river 
precisely, but crosses the north salients. Proximity to the banks 
of the Ganges may be a partial explanation, but it may still be 
necessary to assume a fault zone below this area. 

The violence of damage at Monghyr is almost certainly related 
to its situation on very thin alluvium immediately adjacent to the 
Archean rocks of the Peninsula. Such a situation is well known 
to be liable to excessive damage. It was recognised by Mallet 
in his report in 1850 to the British Association on the great Calabrian 
earthquake, and has been observed in the case of more recent 
earthquakes. Freeman states as follows (1932, j). 367) : — 

‘ The localities most disturbed of all by an earthquake will be found in the 
narrow zone along the dividing linos between hard ground and soft ground. As 
in the case of a semifluid material in a bowl set into vibration, the waves will be 
found highest against the rigid wall of the basin, at the outer edge of the soft mate- 
rial 

* In San Francisco, a few of the zones of maximum violence and damage were 
found on the soft ground near the rigid rim of a bed-rock basin containing wet 
unconsolidated sediments,’ 

It is suitable here to discuss a note written by Professor Nobuji 
Nasu, as a result of his visit to Bihar in 1934. Professor Nasu 
considers that a focal line or plane cannot exist in reality, and 
concludes from his experience of the Japanese earthquakes that 
the Bihar-Nepal earthquake cannot be attributed to compressional 
movement or the push of the Himalayan mass upon thrust faults. 
Nasu’s conclusions were that sudden changes in bulk occurred in 
the mass underlying the Himalaya which resulted in the bending 
and fracture of the crust, causing jerky movements along the main 
boimdary fault. Nasu considers that there are zones of particularly 
weak strata along the Motihari-Purnea and the Muzaffarpur-Dar- 
bhanga belts, and that the linear distribution of earthquake damage 
is due to these zones of soft and weak alluvium and not to any 
linear nature of the seismic origin. He cites the Sait ana eartli- 
quake of 1931 in Japan, in which the epicentre of the shock was 
found to be in the hilly region of Titibu, while the zone of maximum 
damage was limited to a narrow region bordering the river Tone, 
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In our opinion, the main boundary fault was inactive during 
the earthquake. We believe that the distribution of isoseismals 
and of the slump belt is such as to indicate a fault zone between 
Motihari and Purnea. The seismological evidence definitely indi- 
cates that the origin bes in the plains of Bihar and Nepal, and not 
in the mass of the Himalaya. 

With regard to the question of zones of weak alluvium, it seems 
improbable, without definite evidence from a large number of 
borehole records, that the distribution of the alluvial facies occurs 
along east- west zones. The upper layers of the alluvium of North 
Bihar hav^ been laid down by rivers flowing in general from north- 
west to south-east, and the variation in facies is likely to be aligned 
along zones roughly- parallel to this direction. The Kosi, for 
instance, has laid down a wide belt of sand which runs in a north- 
south direction. The courses of the rivers are certainly not con- 
stant, but their general trend is likely to have been towards the 
south-east. Wind, also, is a modifying factor. But the dominant 
wind is from the west and we do not suppose that narrow zones 
of weak strata would have been re-deposited along an east-west 
strike by a west wind. 

It appears to us therefore that the alignment of isoseismals 
does in ^ fact indicate a linear zone of disturbance for the shock as 
manifested in the crust, and not a line of comparatively weak 
strata. 

A further point should be noticed. It was mentioned in a pre- 
vious chapter (p. 87) that over the greater part of the area, parti- 
cularly south of the Ganges, the directions of fall of objects were 
east-west. In the central region the direction was more often 
N.N.E.-S.S.W. So far as could be seen, there was no tendency 
for objects to fall towards a central point or even a central line. 
The conclusion which may be drawn from this is, probably, that 
movement involved considerable areas of the outer crust, and took 
place for the most part horizontally in a general east-west direction, 
parallel to the postulated fractui-e zone, in a manner comparable 
to that which occurred along the San Andreas rift in the San Fran- 
cisco earthquake of 1906. 

When we consider the conclusions drawn from an examination 
of the seismograms, we find that the major shock is located in a 
more circumscribed area around lat. 26° 21' N. and long. 86° 12' E. 
aitd that the depth of origin is about 14*8 kms. or 9*2 miles. It 

M 2 
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is here that we are brought up against the main difficulty, one which 
is apparent in bo many earthquakes, namely that the actual origin 
of the ehoc'k lies at a depth and is generally localised, while the 
manifestation of the shock in the upper layers of the crust often 
lies along an extended zone. In the concluding section we will 
attempt to discuss the question of bathyseisms, already mentioned 
in the case of the Assam earthquake, and the relation of earthquakes 
to gravity anomalies. 

Shortly after the Bihar-Nepal earthquake. Dr. J. de GraafE 
Hunter published an article in Nature in which he brought out the 
relationship between the epicentral area and a region of underload 
(1934, p. 236). The centre of this region of underload lies between 
Motihari and Gorakhpur, and although slightly west of the epicentral 
area, the long axis of the ellipse of underload contours coincides 
with that of the X isoseismal and slump belt. His figure is re- 
produced in text fig. 17 with slight modification. 



GraafE Hunter states : — 

* The average underloading of this area of about 100,000 square miles is on 
an average equivalent to a thickness of rock of more than 3^000 feet ; or, put 
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otherwise, the deficiency of pressure in the crust is above 200 tons per square foot. 
This underloading arises from abnormally low densities in the crust. It is in part 
accounted for by the low density of the alluvium of tlie Ganges valley ; but unless 
this alluvium extends to a greater depth than most geologists would believe, the 
explanation is not wholly there 

These regions of great loading anomaly must cause very great stress- differences 
in the earth’s crust which supports them. The region of underload and the amount 
of underloading are very much of the order which has been estimated by Dr. H. 
Jeffreys to be sufficient to cause fracture in the lithosphere.’ 

In our preliminary report we suggested that geologists were 
willing to allow a thickness of alluvium up to 15,000 feet, a figure 
adopted by'R. D. Oldham in a passage already quoted on page 134. 
As stated on page 135, recent work by the Survey of India indicates 
that the probable thickness of the alluvium is less. Glennie esti- 
mated in 1932 a thickness of 6,500 feet, which probably applies 
to the alluvium and Siwaliks together. The situation is now 
reversed, for the^ geodesists require a smaller thickness than that 
previously suggested by the geologists. But, whether the thick- 
ness is 16,000 feet, or only 6,500 feet, it seems certain, as Glennie 
has indicated, that the light alluvial sediments will not alone explain 
the negative anomalies. He considers that the cause of these 
anomalies in the plains of North Bihar is to be sought in deep- 
seated depressions in the granitic and underlying shells of the crust 
(Glennie, 1932). 

Glennie has continued this thesis of the association of seismic, 
areas with downwarps and underloading. In the case of the Quetta 
earthquake of 1935 he states (1936, p. 49) 

‘ A narrow downwarj) apjK*arH to run west of Jai calmer the Harm i)f ('ntcb, 
tlio Gulf of Cutch l)t‘ing associated with this ; tlicn tluTc is an uiiwarp running 
from Karachi to Jacobnbad ; vbilc to the west arul north of this the mam down- 
warp occurs. The boundary fault and igneous format iom further wcG indienU' 
an upwarp. The epicentre of the rceent Quetta (‘artlupiake appears to ha\e lK‘on 
over the deepc'st part of the downwarp which is evident^’' being still further narrowed 
and deepened. The warp anomaUes therefore show very clearly tin* nature of 
this event. The negative anomaly at Quetta (-39 mgals) indicates a depth of 
downwarp of about 11,000 feet.’ 

This belief in the association of seismic activity with downwarps 
and negative anomalies is confirmed by the locations of the epicentres 
of the Bihar earthquake and of the main region of the Kangra 
earthquake. It is less certain, however, that either the Assam 
earthquake of 1897, or the Cutch earthquake of 1819, were con- 
nected with marked downwarping and negative anomalies. Further, 
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there is a region of strong negative anomalies in south-west India 
that is seismically inactive. 

Meinesz has suggested that there is coincidence between the 
belt of negative anomalies in the Dutch East Indies and the clus- 
tering of earthquake epicentra, maintaining that the mass defect 
is related to tectonic activity in the Archipelago (1934, p. 118). 
A careful examination of Plate IV and fig. 26 of his book shows, 
however, that many of the epicentra arc located in regions of high 
positive anomaly, and that the relationship asserted by Meinesz 
is not very close. 

Both in the east Ferghana and east Tadjikstan regions, and in 
Fennoscandia, the seismically active areas have been shown recently 
by Mushketov (1936, pp. 477, 479) to be located where the anomalies 
are negative and the crust is in the process of epeirogenetic uplift. 

We have seen that the seismic belt of northern India is situated 
north of the Peninsula in Assam and along the Indo-Gangetic 
alluvium and the bordering mountains. The evidence for recent 
uplift in the Himalaya and that part of the Peninsula immediately 
to the south of the Bihar seismic zone, is clear, and has already 
been given (pages 125-131, 137-142). From the incomplete geodetic 
data available, the Himalaya appears to be a region of positive 
anomalies, in spite of the great thickness of sedimentary rocks 
present (20,000 feet for the ELrol syncline, and at least 17,000 feet 
for the Tethys synchne). Graafi Hunter has also suggested that 
the negative region of Notth Bihar has been subject to a secular 
regional uplift, but this suggestion has not been confirmed by the 
most recent examination of the levelling data (1934, p. 236) and has 
been abandoned by the Survey of India. The accumulation of 
6,500 feet (certainly a minimum figure) of light fiuviatile sedi- 
ments in a basin, the upper surface of which does not rise 
more than 900 feet above sea level, implies downwarping of the 
basement. Indeed, if any considerable uplift had taken place 
in the Gangetic plain, the meandering rivers should be incised to 
a 'deeper extent than they are. The whole trend of geological 
evidence regards the plain as still an area of downwarp, not yet 
subjected to isostatic adjustment by elevation. There is, there- 
fore, a zone of uplift throughout the Himalaya, a zone that is pro- 
bably still being depressed to the south, and a zone of uplift further 
south again, on the Peninsula. The maximum difEerential move- 
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mcnts, as pointed out on page 142, is between the northern part of 
the Gangetic plains and the Himalaya. The zone lying just to 
the south of the Siwalik ranges, must be subje('t to great strain, 
and we may expect sudden relief along fractures as a result of more 
deep-seated disturbances. As suggested in our Preliminary Report, 
we consider that the underload in North Bihar is to be regarded 
not as the cause of the earthquake, but rather as a consequonee 
of the tectonic processes in that region which have resulted also 
in downwarping and fracturing (Auden and Ghosh, 1934, p. 222). 
From the examples mentioned just above, it seems that the asso- 
ciation between seismic instability and negative anomalies is not 
invariable, and that both regions of downwarp and of upwarp may 
be seismically active. 

The epicentre of the first main shock as calculated by Dr. Roy 
is some eight miles east of Madhubani, at lat. 26° 21 ' N : long. 
86° 12' E, while the depth of origin is considered by him to he 
about 14*8 km. or 9-2 miles. This lies within the limits of the 
sub -alluvial trace of the postulated fracture zone, from which it 
may be concluded that the inclination of the fracture through the 
granitic crust is sleep. In such an extensive fault region as is 
suggested here, the terms ‘ focus ’ and * depth of origin ’ may be 
taken to apply to the point from which the fracturing actually 
first began, before quickly extending to the whole of the fracture 
plane. 

The evidence leads us therefore to two conclusions. Firstly, 
a condition of strain between the uprising Himalaya and the down- 
warped alluvial belt. Secondly, it appears from the direction of 
fall of objects that the actual movement responsible for the shock 
may have been largely horizontal, in an east-west direction. It 
would seem, therefore, that there may have been a considerable 
east-west component in the movements which resulted from the 
sudden relief of strain in the transitional zone between the Himalaya 
and the Gangetic plain. 

It is not proposed to enter into a discussion of the ultimate cause 
of deep-seated earthquakes. We referred on page 114 to Oldham’s 
idea that the Assam earthquake was the result of a bathyseism ; 
this idea followed a conception advanced by Fermor. Fermor 
(1913, p. 41, 1914, p. 65) had pictured an infraplutonic shell of 
eologite at an unknown depth, and that relief to pressure following 
tectonic movements would permit liquefaction of the eologite in 
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tluB shell to basalt magma. This sudden expansion was suggested 
as the underlying cause of earthquakes. The suggestion is based 
entirely on speculation without any accompanying evidence. In- 
deed, in large earthquakes with shallow focus, such as the Bihar 
earthquake, such tectonic movements as would permit liquefaction 
of the eclogite may, themselves, well be the origin of the seismic 
waves. It is believed by some of us that enough attention has not 
as yet been paid to certain of the known effects of stresses in bodies, 
in which speculation of change of state and of volume need play 
no part. Dr, Dunn has suggested as a line of thought that frac- 
tures might arise as the ultimate result of alternating stresses due, 
for example, to tidal stress at the irregular interfaces of different 
rocks in deep-seated parts of the crust ; the effects would be com- 
parable with the so-called fatigue cracks formed as a result of 
alternating stress in materials. 

The subject of the various ultimate causes of earthquakes is 
much too conjectional to pursue further here. 


Summary* 

We have briefly traced the history of the formation of Northern 
India during the Tertiary and Quaternary eras and the structure of 
its framework. There is evidence for great horizontal movements 
along thrust-planes in the Himalaya and of recent downwarp in 
the great basin at its foot, together with upwarps further south in 
the Peninsula. The movements in the Himalaya probably reached 
their maximum extent during the Miocene, but we have seen evidence 
of their continued activity till the end of the middle Pleistocene. 
The highest of these Himalayan thrusts are now so dissected by 
erosion that they may be considered inert and as having little, if 
any, connection with modern seismic phenomena. There is also 
evidence of movement along the less dissected portions of the 
lower thrusts in the Himalaya during the Miocene and Pliocene, 
and of Pleistocene thrusts within the Siwaliks and Older Alluvium. 
The Karewa alluvium of Kashmir gives clear evidence of an uplift 
of the mountains of several thousand feet during the Pleistocene. 
In addition, the terraces and profiles of Himalayan rivers indicate 
very recent vertical uplift. 

The evidence therefore for recent instability in the Himalaya 
is very strong. In North Bihar we have indicated uplift to the 
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south of the epicentral region aggregating over 2,500 feet during 
Tertiary tiracs. This uplift gave rise to a general tilting towards 
the north hinging about the Hajmahal hills, north of which there 
was subsidence to an extent of which we are not certain. 

There is little doubt that the two tvpes of movements are effects 
of the same underlying tectonic cause. 

As has been stated previously, the origin of the Bihar earlhquake, 
as determined both from the field investigations of the Geological 
Survey and from an examination of the seismograms, does not lie 
in the Himalaya, but below the Gangetic alluvium. Geodetic 
evidence indicates that the Gangetic plain of North Bihar is a 
downwarp, a synclinal depression, and that the negative anomalies 
present in the area are due largely to the depression of the granitic, 
and underlying basic layers of the crust and to a minor extent to 
the presence of a considerable thickness of light alluvial sediments, 
of specific gravity less than that of normal rock, filling th(j depres- 
sion. 

Geological evidence also suggests that the downwarped Gangetic? 
basin has not yet begun to rise and become isostatically adjusted. 

The uplift of the Himalaya and Peninsula and the depression 
of the Gangetic basin should all be regarded as related, and the 
loc.ation of the origin of the shock in the depressed zone is significant. 
It is in this zone that a state of strain or potential fracture must be 
prcsuined to exist. 

The position of the slump belt suggests the existence below tijc 
alluvium of a zone of fracture, extending from Motihari to Purnca 
and possibly continuing to Hhubri in Assam. The geophysical 
work recently carried out by the Survey of India indicates juaiiy 
pronounced irregularities in the basement of the alluvium (or the 
alluvium and Siwalilrs combined) and it is possible that the sudden 
chang(is in gradient below Motihari and Raxaul may correspond 
to faults which were in movement during the earthquake. More 
data are required, however, before a proper correlation between 
sub-alluvial contours and the surface earthquake effects is possible. 

We do not favour the opinion put forward by Dr. Nasu that the 
shock originated beneath the Himalaya, and that the formation of 
the slump belt was due to a zone of particularly weak sediments 
lying to the south. There is no evidence that the sediments of the 
slump belt differ from those of the alluvium to the north and south 
of it. 
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Movement along the fracture zone between Motihari and Pumea 
probably had a considerable component in an east- west direction. 
This fracture zone is considered as being responsible for the earth- 
quake. The high isoseismale of the Nepal valley are regarded as a 
consequence of the young alluvial sediments present in the valley, 
which, though not water-logged as in the case of the Gangetic 
alluvium, have markedly different elastic properties from the sur- 
rounding and harder pre-Tertiary rocks. The narrow belt of high 
intensity between Patna and Monghyr has received no satisfactory 
explanation, but it is possible that there may be a subsidiary fault 
below this zone. 



CHAPTER X. 


ADVISORY OBSERVATIONS ON RECONSTRUCTION. ^ 

(J. A. Dunn.) 

Early views. 

One of the principal objects of the survey party in ISorth Bihar 
was to make certain recommendations as speedily as possil)le in 
order to assist Government’s plans for future reconstruction. The 
following extract from a letter, dated Patna the 29th January, 
1934, written by Dr. J. A. Dunn to the Chief Secretaiy to the 
Government of Bihar and Orissa, indicates our views at the com- 
mencement of the investigation : — 

‘Although it is unlikely that an earthquake of such intensity as that of the 
16th January 1934 will be repeated within the same epieentre in the near lutuie, 
there can be no assurance that minor tremors resulting from slight locaJ adjust- 
ments may not take place 

‘ Although these later minor tremors are unlikely to cause loss of life or fur- 
ther damage to present buildings, they may disturb any pucea buildings m couise 
of erection, in which cement, moidar, etc., has not completely set. 

‘ During the main earthquake the alluvium over the Gangetie. plain wjis seri- 
ously fissured ; in places sand from along the fissures was ejec ted. Many of these 
cracks arc small and escape detection, but minor tremors may cause slight move- 
ment along them, sufficient to crack the foundations of newly ereett‘d jiucca build- 
ings. This may take place particularly during the Monsoon when the ground 
becomes saturated. Even prior to the earthquake the soft alluvium forming 
the foundation of buildings throughout the Gangetie plain was by no means ideal. 

‘ These considerations apply also to structures in hill comitry where seepage 
from the Monsoon rains may find its way along new fractures and lines of weak- 
ness causing landslides. 

‘ Taking all the factors into consideration I would not advise haste in the 
reconstruction of pucca buildings. Wherever possible commencement of rebuild- 
ing should be deferred until after the next Monsoon. These remarks of course 
do not apply to repairs which could be undertaken immediately.’ 

We also issued the general warning that only light inexpensive 
buildings should be erected in the alluvial tract before the end of 
1934. There was no excuse, accordingly, for the erection of un- 
suitable structures in tliis area on the plea of haste in rebuilding. 
The advice was justified as certain adjustments of the alluvium 
did eventually take place in several localities during the ensuing 
Monsoon. 

^ Much of this chapter has been takon> with some re-arrangement, from earlier 
reports of the authors. 

( 161 ) 
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Belts of lesser and greater disturbance. 

It is becoming apparent that, in any earthquake, certain localities 
are more susceptible to the shofik than adjacent localities. The 
reason is not entirely connected with the type of sub-soil, although 
this is apparently one of the factors determining the intensity of 
damage at any point ; buildings erected over water-logged sands 
are more liable to damage than those on more compact groimd. 
Other factors which we have not yet appreciated are certainly of 
importance, but our knowledge of this earthquake region of North 
India is too scanty as yet for us to form any definite reliable views. 

The primary epiccntral region of the 1934 earthquake was 
bctwe(‘n vSitamarlii and Madhubani, but there were subsidiary 
areas of equally high intensity in the Nepal valley and at Mon- 
ghyr ; zones of less destruction (earthqualce shadows) separated 
these areas of great damage. A similar disposition of intensities 
is suggested by the impcrfe<;t accounts of the 1833 disaster, but 
this evidence supplies no primd facie case for supposing that the 
distribution of intensities will be identical in future shocks. So 
far, the evidence suggests that there is a fracture zone below the 
Motihari-Purnea belt and this may continue to the cast towards 
Dhubri, and perhaps further east up the Brahmaputra valley. It 
is possible that another fracture zone occurs along the J^ai^ria- 
Monghyr line ; Monghyr is known to suffer from shoclcs more than 
any other plac/C south of the Ganges, but this may be explained 
c(jually ns well by the position of the town close to the junction 
of the alluvium and Archean basement as by the existence of under- 
l}dng fractures. 

It cannot be asserted that the lower intensity area between 
the Motihari-Purnea and the Patna-Monghyr zones will neces- 
sarily be more immune from shocks in the future until several 
further violent earthquakes have occurred and some constancy in 
the position of the isoseismals is established. As far as is known, 
another earthquake of even greater violence might result in this 
intervening area being included within isoseismal IX. 

If the isoseismal maps of several of the comparatively recent 
shocks in the eastern part of Northern India are examined, it is 
found that certain localities have escaped the effects of severe 
shocks although areas on all sides may have been damaged at 
some time or other. ’ It would be unwise at this stage, however, 
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to regard such localities as being pee.uliarly immune in the future. 
It is safer to accept tlie whole region between the Himalaya and 
a line along the GaDges through Palna in Bihar and Malda in Bengal 
and east to the Chittagong bill tracts as being particularly bable 
to shocks, and that no zones in it can as yet be delineated as less 
susceptible to damage. This region forms part of a belt of country 
across northern India, from Baluchistan to Burma, in which the damage 
resulting from earthquakes is likely to be severe (Plate 5 based ( n a 
map by J. B. Auden in 1935). 

The problem is different in the Nepal valley, for here we have 
a small circumscribed aiea with marked contrasts in giound condi- 
tions. The information with regard to the 1833 earthquake in 
this valley is quite accurate and the coincidence in the isos{‘iMnal 
lines for that and the recent shock is close. It is apparent that 
clear lines of demarcation may be diawn in the Nepal valley be- 
tween i datively stable and unstable aieas. The tract between 
Bhalgaon, Haiisidhi, Khokna and Bagmati, included within isoseis- 
iTial X, may be considered as peculiarly susceptible to the (‘ITects 
of future shocks. The aiea between Pashupatinalh, lioddhanath 
and Gokarna is probably the safest in the valley. 

Change of official headquarters sites. 

The discussion in the last section leads logically to the question 
of localisation of offit’ial headquarters. This general question could 
not be discussed lightly aftei the eaithcjuake as many projects for 
the change in site of administrative centres w'ore advanced. After 
careful consideration it seemed to us unnecessary that any drastic 
steps should be taken for the long distance removal of headquarters 
sites, exci'pt in the case of IVladhipura. It was obvious, how(‘ver, 
that (‘xpensive administrative buildings should not be erected on 
badly fissured sites, nor in th(‘ close vicinity of such large dc'jin'S- 
sioris as rivers or lakes, but apart from these considerations the 
headquarters should remain as clos(‘ as possible to their uiiginal 
positions. Over considerable areas in Bihar there is some unifor- 
mity of sub-soil, and the evidence to date respecting earthcpiake 
shadows being unreliable, there was nothing to be gained by jnoving 
oificial headquarters many miles from their present sites. 

At Motihari the two lakes had been the principal cause of the 
close fissuiing of neighbouring ground and the destiudion of build- 
ings. It was apparent that new buildings should be kept away 
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from the vicinity of these lakes. On the immediate site of the 
old headquarters there were no unfissured areas of sufficient size 
to contain the proposed buildings. Accordingly Government de- 
cided to erect the administrative buildings at Luathaha, some 
miles away, and which was the nearest place in which the ground 
was relatively unfissured. 

At Sitamarhi the old headquarters was on a very confined site 
along the river bank, and it was closely fissured. The only build- 
ing which escaped relatively imdamaged was the P. W. D. Inspection 
Bungalow, situated at some distance from the river. As Sita- 
marhi is a small headquarters station it seemed to us that very 
light strucbures might suitably be erected in the vicinity of the 
old site, otherwise we recommended construction upon adjacent 
ground away from the river. Government eventually decided to 
erect the administrative buildings about 2J miles away at Dumra. 

At Madhubani sufficient unfissured ground was found available 
on which to erect most of the administrative buildings close to 
their old sites, but the jail, hospital and a few residences were re- 
erected half a mile away. 

Madhipura was the one town which it appeared advisable to 
abandon. Forty years ago, before the Kosi river had altered its 
course towards the vicinity of Madhipura, the town was an ideal 
site in every way. The many branches of the river have since 
made movement about the subdivision increasingly difficult, and 
during the rains the whole of the surrounding country is flooded, 
with the result that Madhipura during that season of the year can 
only be approached by boat. In addition, a branch of the Kosi 
east of the town was gradually working west and the protecting 
band (levee bank), which was damaged by the earthquake, was 
immediately breached and a large section removed by the river. 
There was little point in continuing the unequal fight with the 
river now that the site had become also administratively unsuit- 
able. 

The Geological Survey was approached more particularly as to 
the advisability of removing the headquarters of Purnea district. 
The advantages of the old site are obvious : it is central and easily 
accessible from any part of the district by roads and railways 
radiating from the town ; there is also a settled community largely 
dependent upon the presence of the district headquarters, and 
vested interests would ’ obviously suffer a grave loss were the head- 
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quarters to be removed. Tbe disadvantages were : the ground 
around the civil headquarters had slumped somewhat ; the locality 
is within the principal zone of weakness of the earthquake area 
and may be affected therefore by future tremors ; the loose sandy 
nature of the ground is unsuitable for such massive buildings as 
have been erected. 

Although Purnea is on the zone of weakness it must be re- 
membered that in contrast to the damage in tbe civil lines the 
old town across the river was scarcely affected. The main reason 
for this is that the buildings in the old town are of much lighter 
construction and accordingly have not suffered subsidence. So far 
as the subsoil is concerned, there is no change for many miles 
around. Purnea is at the centre of a tract of country extending 
from the Nepal border to the Ganges and from the Kosi river to 
Kishanganj and which is formed of a sand bed 60-80 feet in depth 
in places. 

If an alternative site had been necessary it would have to be 
found between Purnea and Araria, Purnea and Kishanganj, or 
Purnea and Katihar. Between Purnea and Araria the intensity of 
damage was equally as great as in Purnea. Between Purnea and 
Kishanganj the damage from six miles east of Purnea was negli- 
gible, but a future earthquake along an easterly continuation of 
the Motihari-Purnea fracture zone and extending towards the epi- 
centre of the 1897 earthquake might give rise to damage at Kishan- 
ganj as severe as at Purnea. Between Purnea and Katihar the 
damage wets slight and, from the point of view of future earth- 
quake effects, Katihar would be the most suitable alternative site. 

The advantages of Purnea, however, easily outweigh the doubt- 
ful geological gain in moving to Katihar. The civil lines cover 
a large area, the buildings being widely separated, and no one 
site could be regarded as more reliable than another. There was 
plenty of unfissured ground available in the town on which build- 
ings lighter than previously could be erected. 

It is apparent that these few slight changes in position of civil 
headquarters sites have been made not from the point of view of 
ultimate suitability for future earthquakes (apart from keeping 
buildings away from the vicinity of lakes, rivers, etc.) but simply 
for the purpose of immediate safety in construction. If unsuit- 
able buildings are erected on these undamaged sites they are equally 
lif^ble to destruction in future earthquakes. Heavy buildings will 
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themselves give rise to adjacent fissures in future shocks as in 
1934, hence single storey light structures should he preferred 
wherever possible ; otherwise special precautions should be taken 
in the construction of expensive foundations. The areal extent 
of buildings should be kept at a minimum, individual buildings, 
each covering a smaller area, are preferred to single large buildings 
containing many ofiicial departments. 

In concluding this section we would suggest that, in future, 
where wide choice of sites is available for the erection of consider- 
able structures of any project, some use be made of the evidence 
collected subsequent to the 1934 earthquake. We have pointed 
out the presence of ‘‘ earthquake shadows ” ; whether such are 
likely to persist in future earthquakes remains to be seen, and 
we cannot guarantee them, but at least advantage might be taken 
of these localities with the view that at any rate tlu'y caimot be 
worse than other sites and there is the strong possibility thal they 
might be considerably safer. 


Building design. 

From both a scientific and engineering viewpoint the whole of 
Northern India within, say, two hundred miles of the foothills of 
the Himalaya must be regarded as a region particularly susceptible 
to severe earthquakes. It has been repeatedly urged by the Geo- 
logical Siirvey that the design of structures in this area should be 
controlled by legislation as it is in Japan and New Zealand. The 
remark has often been made that in Bihar, for example, one hundred 
y(‘ars have elapsed since the previous severe earthquake and that 
legislation is scarcely necessary for such rare calamities. However, 
sluxks are felt much more frequently than this in certain localities, 
particularly in eastern Bihar, and it should also be remembered 
that there is no real periodicity for such major earthquakes. No 
pn'dktion can be made at this stage as to their future frequency. 
It is also often remarked that earthquake-proof buildings are part- 
icularly expensive, but this is not entirely correct. Simplicity in 
d<‘sign and ornamentation is one of the earmarks of suitable build- 
ings in an earthquake region ; much can be done in the reduction 
of damage to buildings and in loss of life, by eliminating such of 
the expensive ’ ornamentation as is of doubtful sesthetic value. 
IVlueh could also be done by legislation ip controlling the height 
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of buildings and the width of streets. Control in the aotual design 
of buddings from foundation to roof need apply only to the more 
expensive kind of public building or factory. 

It has been said that well-constructed buildings of brick came 
through the earthquake with but slight damage. This is only 
partly true and includes only single storey buildings of compara- 
tively recent construction away from the vicinity of depressions 
where there was little or no slumping of the ground. The older a 
building becomes, even including those of the best construction, 
the more liable is it to damage during an earthquake, and accord- 
ingly it is advisable in construction to make use of such feasible 
principles as will reduce to a minimum the liabilitiy for earthquake 
damage and also mortality during the life of the building. 

Building conditions in Northern India are different from those 
in other countries. Here we have three principal types of houses 
and other structures. The village hut is usually constructed with 
mud walls and thatched or tiled roof, some are of bamboo-wattle 
walls with a thin plaster of mud ; these are known as kvtcha build- 
ings. Bather more expensive houses, the kutchfi-pvcra type, are 
built of brick (usually of poor quality and often even only sun- 
dried) with mud mortar. The pvcca type includes well built struc- 
tures of brick, masonry, etc., similar to structures in most countries. 
Other types of so-called jpucca buildings have biick and good mortar 
in the arches over doors and windows, but the walls are of brick 
and mud-mortar. In others the walls are faced with brick and 
mortar but the inside is of brick and mud -mortar. Both types 
are very common and invite disaster. 

Kutcha buildings. 

The greater part of the population of Bihar cannot afford more 
expensive types of houses. The mud or mud and wattle hut 
always will be the villager’s main form of residence ; it is easily 
damaged during an earthquake, but as it is equally liable to damage 
during any rainy season its weaknesses need have little considera- 
tion here. It is possible that some slight improvements may be 
made in such buildings to at least reduce mortality should they 
collapse during an earthquake. They should never have heavy 
roofs. Professor Nasu suggests that the walls of mud huts should 
be thick at the base and thin at the top, the inner and outer sur- 
faces having a parabolic cross-section, ^ 

N 
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Kutoha-puooa BUILDINOS. 

It is apparent that hutcha-pucca houses must, for many yeiirs, 
form a considerable proportion of the buildings in this area. But 
some effort should be made to minimise the damage to which they 
must be subjected during any severe earthquake. No kutcha- 
pucca building of more than one storey should be erected north 
of the Ganges. All ornamental work such as in cornices, balus- 
trades, etc., should be discarded and the roof kept as light as 
possible. The walls should not be less than a certain prescribed 
thickness. Improvements in the type of brick and mortar should 
be introduced within economic limits. 

The use of timber frames in certain types of hutcha-pucca and 
hutcha buildings should be encouraged. These frames, formed of 
sole plate and vertical timbers, should be well tied by diagonal 
timbers and the roof firmly attached. A number of very old 
houses built in this way in Chapra survived the shock remarkably 
well. 

For buildings constructed almost entirely of timber, some obser- 
vations made by Mr. E. R. Gee subsequent to the Dhubri earth- 
quake of the 3rd July 1933, are apposite (1934, pp. 8, 9, 88). The 
framework of the split bamboo buildings there are sometimes fixed 
to posts which are either set into a masonry plinth or driven into 
the ground ; in other cases the framework simply rests untied on 
the masonry plinth. In the former type the fixed posts were 
often sheared at the base and the building considerably damaged. 
In the latter type the building >was practically undamaged as there 
was nothing to hinder the structure from moving as a whole, in- 
dependently of the plinth, and with its own natural period of 
oscillation. 


PuCCA BUILDINGS. 

It is likely that the greatest improvements can be made amongst 
the larger pucca buildings, particularly those used for official pur- 

Infl^ence of type of ground,— k general experience is that earth- 
quake shocks are more severely felt on soft alluvial ground than 
on harder ground. Consequently, given buildings not specifically 
designed to withstand earthquake shocks, the damage is greater 
in alluvial tracts than elsewhere. This was, on the whole, our 
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experience in the case of the Bihar earthquake, although the ex- 
tremely poor construction has permitted their general collapse even 
on hills, as at Udaipur Garhi. In the great Napier earthquake 
of New Zealand in 1931, the houses on The Bluff were scarcely 
affected, whereas almost total damage was general in the business 
quarter and other parts of the town which are on the alluvial flats 
below. Freeman (1932, p. 366) mentions that in the San Francisco 
earthquake of 1906 the percentage of damage to buildings of a 
non-rigid type was five to ten times as great on soft ground as on 
outcrops of older and more consolidated rocks. 

When, however, as in many of the buildings put up in Tokyo 
before 1923, special provision is made to construct rigid buildings 
with adequate foundations, the damage to such buildings may be 
less on alluvial ground than on rock. Professor Suyehiro has 
shown that, by reason of its inertia, the movement of a rigid build- 
ing on a massive foundation block may be much smaller than that 
of the sand or mud upon which the foundation rests. Soft yield- 
ing sand or mud tends to act as a cushion to the shock, and surges 
to and fro beneath the foundation, without imparting to it vibra- 
tions of large amplitude. According to observations made in 
Tokyo and Yokohama the period of earthquake motion at certain 
places has a definite fixed value, especially in earthquakes of short 
period vibration less than one second. The uppermost soil layer 
acts as an oscillatory body with its own period of vibration under 
the effect of earthquake waves of similar period. The natural 
period of the ground around Tokyo varies from 0*7 secs, for alluvium 
to 0*3 secs, for more compact rocks. The ordinary Japanese 
wooden two storey house has a natural period of 0-3 — 0-7 secs., 
while for low brick buddings it is 0-1 — O-l secs. Hence in the 1923 
earthquake, wooden houses were more damaged in soft alluvium, 
and brick houses on more compact groimd (Nasu, 1935, p. 3). 

Foundations , — Foundations must receive first consideration in 
building construction. The high cost precludes the use of the 
more earthquake proof types of foundations in residences and 
such smaller buildings. But even so there is room for much 
improvement over the older type of foundation, and it should 
be insisted upon that in buildings north of the Ganges foundations 
must be strongly tied together, thus making the structure vibrate 
as a single unit and preventing also any tendency to spread during 
the shock, The necessity for reducing, as far as possible, the 

n2 
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pressrre per square foot on the foundations is obvious. Owing 
to the weight of the overlying structure, it is doubtful whether 
the type of ingenious foundation in which the wall foundations 
rest freely on a shingle bed wouM be more efficient than the above 
Well-tied type of foundations. 

For heavy buildings the foundations should receive particular 
attention. The amplitude of vibration in soft ground is great, 
and in heavy buildings, especially, it is necessary to reduce its 
effect. In the slump belt and epicentral tract of North Bihar 
the massive reinforced concrete foundations of some of the sugar 
mills have been tilted and even badly cracked. Po far as could 
be seen the materials employed were of high quality. It may 
be doubted if even the most ideal foundation, placed on soft alluvium 
containing water-logged sands in the epicentral region of a severe 
earthquake, could escape dan age entirely, in some cases by tilting. 
But this is no argument for dispensing with good foundations for 
important buildings, and without such foundations the buildings 
would suffer much greater damage and the mortality would be 
higher. This question of mortality is only too often overlooked 
in discussing the comparative costs of improved designs. No 
design and no legislation can be made to apply to the highest zones 
of damage in alluvial country. The geneial principles concerning 
construction in seismic regions have to apply to the type of damage 
to which the greater pait of these regions aio likely 1o be subjected, 
not to those smaller aieas wheio a combination of factors results 
in iibnormal severity. 

A normal well-tied foundation should serve for single storey 
buildings of no great height, even where the building covers a 
considerable area. High buildings, or those of more than one 
storey, should be avoided north of the Ganges, but if necessary, 
and, particularly where they are likely to contain a large number 
of people at any time, there should be some insistence that the 
structures must rest on some suitably designed form of solid re- 
inforced concrete foundation, forming a platform below the whole 
building. 

General design . — Buildings should be of simple design, the parts 
so well-tied and the whole structure so rigid that it would react 
as one unit to earthquake waves. The several parts of irregular 
buildings do not synchronise during a shcck, and severe stresses 
are set up between the individual units. These remarks apply 
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especially to high structures, e.g., a church steeple erected on a 
tower is frequently destroyed from the base of the steeple ; the 
tower and steeple each have a different vibration period and, with 
opposing directions of movement, the acceleration can be doubled. 

Buildings should be kept as low as is conveniently possible, 
compared with their lateral dimensions. The object should be to 
keep the amplitude of vibration as low as possible at the highest 
part of the structure, and so reduce acceleration for any parti- 
cular period of vibration. In badly constructed buildings the 
motion increases with the height, but in well-designed and well- 
built structures the motion is the same from top to ground level. 

In this report we have mentioned that the maximum accelera- 
tion was about 10 feet per sec. per sec. Notwithstanding that the 
acceleration during earthquakes in other parts of the world 
frequently approaches this figure, legislation in Japan and New 
Zealand stipulates that designs must be suitable for an accelera- 
tion of 3*2 feet per sec. per sec. i.c., one-tenth g ; in other words, 
the total horizontal force at any horizontal plane must not bo 
greater than one-tenth the total weight of the structure above 
the plane. For such structure as columns and bridge piers wc 
would suggest allowing for the higher figure wherever possible. 

Buildings of irregular shapes, witli wings, protruding verandahs, 
])OL’ches, etc., have invariably suffered. The same applies to build- 
ings to which additions have been made by the abutting of new 
walls directly, on earlier ones, without dovetailing. The whole 
building should form one unit. Verandahs and porches should 
not consist of a scries of independent pillars with a roof resting 
on top, but should be integral parts of the building. If it is im- 
possible to avoid having adjacent structures of different lieights 
and different periods of oscillation, they should be separated beyond 
the range of collision, and connected by ligliter more fragile struc- 
tures, in which the damage may be safely concentrated. 

Excrescences such as towers, turrets, pinnacles, etc., are dan- 
gerous both to human beings and to buildings, and should be 
avoided. Flimsy parapets, balustrades and similar structures have 
caused death to many. 

Windows are a source of weakness to buildings and a more 
careful and better spacing should be attempted. Windows should 
be kept away from outer corners of buildings as far as possible. 
Wide window areas should be compensated by stronger intervening 
walls. 
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Roofs , — Tt has been found that heavy roofs were frequently the 
cause of serious damage to buildings. During big vibrations llie 
inertia of such roofs breaks up the walls on which they rest. Flat 
roofs, therefore^ should be made as light as possible, and the junc- 
tion of wall and roof reinforced in some way. Roofs made of 
reinforced brickwork are lighter, stronger and more graceful than 
the old type of clumsy and heavy roofs on beams and rafters. The 
use of flat tiles instead of bricks, where beams and rafters are used, 
is advisable for flat roofs. Light tile roofs appear to have caused 
the least damage where the tiles were securely fastened. 

Sharp gable ends, so characteristic of churches, should be 
avoided. During an earthquake they sway considerably and, aided 
by the thrust of the roof, collapse easily. Hip roofs are preferable 
to gables. 

Arches , — We do not recommend the use of arches in doors, 
windows and verandahs ; during a tremor they are the weakest 
part of any structure and the first to go. Jack-arches supporting 
roofs sometimes escape, but are as often cracked along their centres. 
If use is made of jack-arches, it is advisable to employ tie-rods to 
hold together the different spans. Bricks in these arches should 
bo staggered and not set in a linear arrangement. 

Solid reinforced lintels over doors and windows are preferable. 
Wherever possible, lintels on each floor should be of the same 

height and should be carried around the w^alls as a single band. 

Chimneys , — Tall chimneys in factories should not be of brick- 

Steel or remforced-concrete chimneys can pass safely through severe 
earthquake shocks. 

Quality of materials , — Perhaps the best advice we can give is 
that close attention should be paid to the quality of building mate- 
rials, particularly to mortar. Unfortunately the standard of bricks 
and mortar used even in public buildings in India is often not as 
high as it might be. The example of some of the newer railway 
buildings is well worth following. 

In the case of concrete, the panelling should be constructed at 
the same time as the framework in order to ensure good bonding. 
Sugar mills should be of steel framework, preferably covered with 

corrugated iron or other light material. We would suggest tJiat 

houses erected along the Motihari-Sitamarhi-Madhubani-Pumea belt 
should be built of steel or timber framework ; structures of this 
type, carefully designed and conscientiously erected, can be as per- 
manent and cool as masonry. 
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In conclusion it may be pointed out that our remarks in this 
section apply mainly to the area north of the Ganges and to the 
vicinity of Monghyr. Otherwise we see no necessity for any 
drastic changes in building design to the south, although an im- 
provement in materials is desirable. 

Roads. 

A minimum standard width for bazar streets should be insisted 
upon wherever possible. This will depend upon the height of 
buildings erected. The reservation of open park areas within 
crowded bazaars is as desirable for health reasons as for earth- 
quake escape purposes. 

No advice can be offered about road construction but wo would 
remark that the occasional practice of digging deep ditclu's alongside 
them is frequently the cause of subsidence of the roads. Ditches 
preferably should be shallow. 


Bridges. 

During a severe earthquake in alluvial country, river banks 
tend to close in and their bottoms to rise up, as a consequence 
of the general tendency towards the supprt^ssion of surface features. 
No type of structures can withstand such movements, where it 
is severe, without some damage. 

Brick arched culverts and bridges have been damaged most 
severely and this type should not be built north of the river. 

For road bridges screw-piles have proved the most suitable. 
Piles tend to move up or down during the shock, and movement 
of the bank tends to bend the piles over. Movement along the 
stream bed may also displace the piles. After the Bihar earth- 
quake, although pile bridges were acutely distorted they were in 
almost every case negotiable by trafi&c. Although easily damaged 

they can be readily dismantled, straightened and rebuilt. 

Frequently it is of course necessary to construct bridges of 
steel girders resting on masonry piers. The weak points in this 
type are the piers and abutments. Nothing can prevent their 
tilting or displacement in a severe shock, but piers should be de- 
signed if possible to withstand an acceleration of 10 feet per sec. 
per sec. from any direction, that is, their width at the base should 

be one-third of the height of the pier. Girders should abo be 

designed to withstand such an acceleration. 
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Conclusion. 

We have advocated the control of building construction in 
Northern India by some form of building code. It is not within 
the sphere of the geologist to discuss the engineering details of 
such a code, but in the foregoing we have outlined several of the 
more prominent features of buildings which might be avoided in 
order to design earthquake-proof structures, and we have drawn 
attention to them also in order to emphasise the fact that much 
can be done without the outlay of any considerable expenditure 
over that usual in building construction in India. 

The compilation of such a code should not be a difficult matter. 
We already have the codes of several other countries to use as a 
basis. Conditions of building construction in India are, of course, 
somewhat different from elsewhere ; indeed, the kutcha and k'uXcha- 
pucca buildings are unique to India, but it would be necessary 
merely to extend these other codes to embrace these typical Indian 
structures. It would be a simple matter for a representative 
committee consisting of engineers, an architect and perhaps a 
geologist to draw up a general code. 

It is often said that, in a coimtry such as India, the enforce- 
ment of a building code would be impossible and might also impose 
hardship on certain classes of people. So far as private buildings 
are concerned local municipal authorities could have the necessary 
control in larger towns, and in villages with their simple houses 
the local thanas could exercise the necessary elementary super- 
vision required. No such control would be necessary in either 
P. W. D. or railway buildings, but the code would provide a valu- 
able basis of design for the engineer and architect. 

It has also been remarked that as one hundred years have 
elapsed since the last disaster in this same region, such an interval 
between earthquakes does not warrant any special legislative meas- 
ures. If the Bihar disaster had been at night with the deaths 
running into hundreds of thousands, as they might well have been, 
it is doubtful whether such an excuse might have been advanced. 
The next shock may be at night, and, without such legislation, 
the mortality may quite easily attain appalling figures. Even if 
such Jong quiescent periods are worth considering in this matter, 
we cannot be sure that such lengthy intervals as one hundred 
years will be experienced in the future. We can only advocate, 
for the sake of posterity, that within the whole of this seismic 



AdvisorIt observations on reconstruction. 


176 


belt of Northern India, all that we can do for reducing mortality 
and damage in future earthquakes should be done. Leprosy is 
not a common disease, but the medical profession has done its 
utmost to eradicate it for the sake of humanity. Great earth- 
quakes are not a daily disease of any part of the earth's crust, 
but it should be our duty to do all that we can to reduce its effects. 
Unless this matter is looked upon in a broad way, posterity may 
yet look back upon our short-sightedness with regret. 

In the Quetta area an excellent building code has recently 
been drawn up, and reconstruction has been rigidly enforced in 
terms of that code. Such enforcement is, perhaps, easier in such 
a military area, but at least Quetta provides an example of the 
practicability of a building code and of its usefulness. It is, per- 
haps, not too much to hope that the rest of Northern India will 
some day follow Quetta's lead. 

This brings us to future research in India on earthquakes, and 
the desirability of creating a small Government department whose 
whole time would be devoted to the study of this subject. The 
study is too specialised to be regarded as requiring merely the 
occasional attention of two such departments as the Meteorological 


Department and the Geological Survey. The whole study could 
be more thoroughly and authoritatively studied by whole-time 
specialists. There are two lines of investigation awaiting such a 
department : — (a) the prediction of future earthquakes as to time 
and place and (6) the means of minimising the effects of these earth- 
quakes. Even if we were ever successful in the study of the 
former investigation, the latter line of enquiry would always be 
the more important. We have already emphasised the importance 
of a building code in this matter, but the special Seismological 
Department which we have suggested would be responsible for 
obtaining information of acceleration, etc., of earth waves in future 
earthquakes to aid in improvement of structural designs. 

There are not to-day sufficient delicate seismographs to record 
the normal tremors, but we need particularly a large number of 


a type of more rugged and less delicate instrument to record 
the severest earthquakes, and placed at specially selected stations 
throughout Northern India. Until this is done we cannot advance 
further in our investigation of these great disasters in India ; we 
have gone as for as it is possible to go with the means at our dis- 
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PART II.— DETAILED ACCOUNT OF THE EARTHQUAKE 

EFFECTS. 


SECTION A.— EYE-WITNESSES’ ACCOUNTS. 

CHAPTER XI. 

INTRODUCTION. 

(J. A. Dunn.) 

Some explanation is necessary of the reason for the lengthy 
description of the earthquake effects which is provided in Part II. 
It is becoming apparent from the study of successive earthquakes 
of recent years in north-eastern India that, even within the broad 
belt liable to severe damage shown on Plate 5, certain places are con- 
sistently liable to experience a severe shock, whilst other adjacent 
localities may escape relatively lightly. Severity of damage is not 
entirely a function of distance from an epicentre but is seemingly 
dependent on local surface and crustal peculiarities. We may 
not be able to appreciate entirely the sub-surface features which 
govern shock intensity during any earthquake, but we should, if 
sufficient evidence is accumulated, be able eventually to determine 
those places which suffer consistent severe damage and those which 
escape lightly. Only detailed experience of a large number of shocks 
can ultimately demonstrate the areas of comparatively great and less 
damage. During the course of our survey of this earthquake we 
tried to obtain some idea of such intensity distribution in the past, 
but, except for a few principal towns, the information is sadly deficient. 
It is our object to supply this information at least for this earth- 
quake, so that for future shocks a more detailed comparison can 
be made from place to place. 

We have commenced this description by quoting from the 
reports of eye-witnesses who were, at the time, out in the country, 
away from the larger towns in the epicentral tract. These reports 
are of interest in that they give such a fine picture of the shock and 
the unusual * atmosphere * which naturally followed the catas- 
trophe. 

Next foDows brief accounts of some road and railway traverses 
made by the authors in the central region, connecting up the damage 
between the several towns. Chapters XIV to XXJIl describe the 
damage in the principal towns and larger viUages of isoseismals 
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X to VI in turn, from the notes of the authors. In describing 
the damage within isoseismcds X and IX the efieot on certain of 
the principal bui l d ing s in each town is noted, but for isoseismals 
VTII and lower, the description of the damage in each town is 
generalised. The descriptions for the lower isoseismals given in 
Chapters XXIV to XXXI are from reports submitted to the Geo- 
logical Survey in reply to the questioimaires. In each isoseismal 
the localities are arranged, as far as possible, from west to east. 
The reports which have been abstracted here form a comparatively 
small selection from the large number of those received, and are 
conhned to the more important centres. 

The description of the earthquake effects in Nepal has been 
grouped into a single ffnal chapter as this is a distinct region which 
would be dif&cult to include within the sequence of the account for 
Bihar. # 



CHAPTER XII. 


SOME REPORTS BY EYE-WITNESSES. 

The first report selected is that by Mr. C, H. Gordon, General 
Manager of Sursand Raj, who was driving within the central part 
of the epicentral tract. His account gives a fine picture of the 
fountains of water which dotted the country-side and the state 
of the country in general. Mr. Mansfield, Collector of Bhagalpur, 
was on tour near the Balan river at a point on the easterly exten- 
sion of the epicentral tract ; his tour diary is remarkable for the 
impression which it gives of the unusual ‘ atmosphere ’ created by 
the conditions following the earthquake. The final report by 
Sir J. Williamson describes the difficulties with which the railways 
had to contend. 

Mr. C. H. Gordon’s account of the Earthquake. 

I had limohed at Belsand Factory some thirty miles north of Muzaffarpur, 
leaving at about 1-40 p. m. by motor for my own place thirty miles to the east, 
though the first five miles or so of the road lay north. I had gone about seven 
miles. Going east now, a little after 2 o’clock I should say, my car suddenly began 
to rock in a most dangerous fashion, the motion appeared to be from the right 
back wheel to the front left wheel, or from a south westerly direction. Owing 
to the sound of the engine I noticed no noise, but was told such was heard from 
the west, a deep terrifying rumble. As the rocking ceased, mud huts in the village, 
on either side of the road, began to fall. To my right a lone dried palm trunk 
without a top was vigorously shaken, as an irate man might shake his stick, then 
water spouts, hundreds of them throwing up water and sand were to bo observed 
on the whole face of the country, the sand forming miniature Volcanoes, whilst the 
water spouted out of the craters ; some of the spouts were quite six feet high. 

In a few minutes, on both sides of the road as far as the eye could see, was vast 
expanse of sand and water, water and sand. The road spouted water, and wide 
openings were to be seen across it ahead of me, then under me, and my car sank, 
while the water and sand bubbled, and spat, and sucked, till my axles were cover- 
ed. ** Abandon ship ** was quickly obeyed, and my man and I stepped into knee 
deep hot water and sand and made for shore. It was a particularly cold after- 
noon, and to step into water of such temperature was surprising. 

It was distressing to see the villagers, running some east some west, others to, 
others from their fallen homes, wailing and beating their chests. 

In less than half an hour I should say, the water spouts ceased to play, though 
water ooaed out of the land and trickled from the mouth of the lesser sand heaps. 

The Baja of Parsowni living two milee away, very kindly sent a man to accom- 
pany me to his i^aoe. Persuading some passers-by to talm some of the luggage 
I tripped, and skidded, and waded to Panowni, to find that the Baja Sahib’s house 
was flat with the ground. 


( iw ) 
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Being unable to get coohee to go further, and this was but natural considering 
the oiroumstanoes, I waited with the Baja for some time. His camp being along- 
side the main road, we heard from passers-by who had run in from long distances 
that the same conditions existed in the direction from whence they had come. 
Refugees from Riga, nine miles to the north, told the sad tale of the collapse of 
the Riga Mill and of many lives lost, but the latter information I am glad to say 
was found to be greatly exaggerated. These men also reported that the railway 
line had been badly damaged. 

It was now becoming dark, and about 6-30 p. m. I was able to start to walk to 
Belsand. The road I had but a few hours before driven over did not exist, only 
sand heaps and flowing water, and pit-falls. It was a perilous journey, no one 
could have believed that in a few minutes so great a change could have taken place. 

I plodded three miles when my host’s car met me, it could not have possibly 
gone further. On arrival I foimd Mr. and Mrs. Dobson encamped under a tree, 
their lovely bungalow having fallen in. A roaring camp fire and tinned and bottled 
provisions were a consolation. 

In the morning, on visiting the bungalow, it was a sad sight that one beheld. 
The roof of this old Dutch building had sat down flat, the walls and pillars, some 
lying down, some reclining, suggesting weariness after two hundred years of stand- 
ing. The lawns that had been for years the admiration of many, were now mostly 
sand dunes, while ugly gashes some three feet wide at short distances disfigured 
its once beautiful face. 

We were marooned, and it was impossible to get or give news. The Post and 
Telegraph Offices looked like mushrooms that had been trodden upon, there were 
no roads, and no men were available to go anywhere. On the morning of the 18th, 
I was able to get a fulki and twenty-four carriers, and I ventured out to go thirty 
miles to my homo. En route I dug out my car with the help of forty coolies and 
it took nearly two hours ; bridges were down on both sides of the car, so it had to 
be left in the care of an Indian whose house was on the roeid-side. It was fifteen 
days before I could reclaim it. 

As I proceeded, sometimes being carried, sometimes walking where conditions 
made it hard or difficult for the carriers, the scene was just as it was where I had 
been caught in the earthquake ; it proves that what I had witnessed at the time 
must have taken place all over the country. 

While fording two hill streams that come down through Nepal, they were in 
flood, high flood, and the water not merely cold but iced, indeed the fall in the 
temperature was noticeable as one approached, this surely pointed to happenings 
in the mountains and snow ranges. 

I arrived at Sitamarhi at about 1 o’clock, to find it lying in the streets and 
by-lanes just a mound of bricks ; up to that time, two hundred dead and d}dng 
had been unearthed or unbricked, and more were being taken out. Had the 
calamity occurred at 2 a. m. instead of 2 p. m. one shudders to think of the conse- 
quences, particularly as it was winter time when folk are closeted within their 
houses. 

The hospital had fallen killing every patient, except one who had a fracture 
of the skull and both legs broken. The jail walls had fallen and every prisoner 
had escaped. The Government Courts and Magistrate’s bungalow were down also. 
In my thirty mile trek, five bridges had collapsed and numerous culverts, and there 
were cracks across the road of great width. 
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lairived home at 8 p. m. having be^ thirteen honiB on the road, to be informed 
that the bungalow had been laid low, my servante and furniture, etc., on the lawn. 
As there was no bed for me I slept in the jxilki alter having dined on fresh air and 

In the morning it was a sad sight, the bungalow had sunk down on one side, 
with gaping oraoks running right through the rooms and walls looking as though 
they might come down during any one of the tremors that were being felt, as indeed 
they did. 

I was not alone in my compound, for I found scores of refugees from our little 
town or bazar, the buildings of which had fallen about their ears. They were 
encamped in shelters of bamboo, and chadars, and old bags, with goats and cows 
as companions. I was besieged with questions, “ Will it happen again “ What 
are we to do the sorrow and fright expressed on their faces was depressing, but 
one had to give them heart and appear collected. For twelve days all communica- 
tion with the outer world was impossible. No roads, posts or telegraphs, and 
railways but twists and hair-pin bends. 

Stories of the experiences of some are too pathetic to mention, though on the 
other hand one man who fell into a crack and was disappearing, was suddenly shot 
up with a volume of water that belched out of the crack, describes one of many 
lucky escapes. 

Many of the wells in the villages have been entirely filled with sand, and of 
the large tanks, some are sand areas, and in others the depth was considerably 
shallowed by sand deposit. 


Tour Diary of Mr. Mansfield, I.C.S., Collector of Bhagalpur, 
January 15th— January 20th. 

15ih January 1934 , — Walked to Nauhatta, and thence by foot and elephant to 
Bakania and out to Dharamgachhi (in Darbhanga) for the Tiljuga enquiry ; the 
Collector of Darbhanga and the Superintending Engineer were both there. Arrived 
about 12, after crossing the Tiljuga on elephants, in the * bottle neck * at a point 
just south of the temple, which formed a conspicuous land-mark for miles. The 
space between the embankments is not, as I pictured it, an open space, but full of 
dense grass and scrub jungle, full of nilgai and pig. After lunch the three of us, 
with my wife and Mrs. Hall, and the Banaili Engineer, set off on elephants to see 
the country above the bottle neck, and the Balan embankments. We crossed the 
westernmost embankment about half a mile above Dharamgachhi and crossed the 
Balan river, which was up to the elephants* bellies. When we had gone 100 yards 
into the jungle, the leading elephant stopped with a jerk, and turped round, and 
so did the others, and appeared to be in great fear. As the mahout said afterwards : 
“ the thought of charging away in terror had come into their hearts ”, for as they 
stood we heard a rumbling soimd, like a storm in the distance rushing towards 
us ; eventually one elephant was made to kneel, and one of us got off and could 
feel the earth shaking, and we then realised there was an earthquake. We jumped 
off one by one, as soon as the elephants could be got to kneel, which was not done 
without difficulty, the elephants being bunched together on a narrow path. There 
we “Were crowded together, with the eleplumts almost on top of us, with the thought 
of stampeding still in their hearts ; but fortunately, they and the mahouts were 
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stoat fellows, azUL they did not boH. l%en we heard a shouting behind us, and 
people oame running to us, who had followed us through the river, shouting : 

** The water is coming, the water is ooming *' and oharging on towards a village a 
little way ahead. They said the water had suddenly welled up in the river, and 
then sunk away, as if the bottom of the river had opened and one man said he 
had oome through almost dry shod I Certainly his feet were covered with mud, 
but his legs were dry. We then decided it was time to get away from the river 
bed and on to some higher ground near the village, so started to move on to the 
village. I was still sceptical of the reports about the rising of the river, but after 
wo had gone 200 yards or so, we saw water bubbling up through the earth in dry 
fields in front of us — and as we searched for a way to get roxmd it, water bubbled 
up in other fields as well, until at last it seemed to be all round us, and the only 
way was to go through it — only angle deep at the time, but one never knew whether 
one's foothold was going to turn out to be a quicksand, or even a chasm — ^for the 
water was all charged with sand and earth, and was black in colour, while, over 
everything there was a sulphurous smell. To add to all the excitement we had to 
plunge through clumps of bamboos, and all the time felt we wanted to get on and 
out of the bed of the two rivers between the two embankments. Presently wo 
came in sight of the village, and there we saw water bursting out over the top of 
the village well, which was itself raised above the ground. By this time we had 
got on to a small embankment, but when one of us tried to go along it, it could be 
seen to shake and quiver under him, and we decided not to try that way. The 
question then was which way to go, and after some discussion, it was decided to 
go through the village, and up the Balan to a place where there was a ferry, and 
so back to camp, a four or five mile walk. We walked through one or two villages, 
where several houses were down, and where the water had bubbled out of the earth 
and through the streets and over the fields, depositing a quantity of black sand on 
the way ; but the water was now subsiding. Before we reached the ferry we met 
a man who had oome from across the river, and he said that the ferry boat was 
sunk, and he had crossed at another place by a temporary bridge, which was a 
foot under water. We eventually reached this bridge, and by the help of the 
villagers and hanging on to each other,' managed to get across safely, though it 
was rather trying to go along a few narrow bamboos, which one could not see under 
the black water. From there we had a two or three mile walk back to camp, and 
the question was should we find the camp standing. Some said it had all fallen 
down and was flooded. When we got to it we found it was flooded, one tent down 
altogether, and another one with a great seam in the ground down the middle of 
it, through which water had spouted several feet high and formed a flood about a 
foot deep, whose marks were still on the tent walls. Fortunately Freston had an 
extra supply of bedding (our own carts had been caught by the earthquake when 
two cart-loads had crossed the river, and one was still on the way across, and they 
had all gone back to Bakania) and so with Freston's help we spent the night warm 
enough, in three small tents pitched on a bit of dry land, while the servants occupied 
tents on another patch. We were fairly cheerful, as we thought it was all over, 
and that it was a local affair, due to the thinness of the earth's crust in this purely 
alluvial plain. 

But the night was disturbed by the elephants tethered near the camp, which 
had got back to camp by wading through the river, and had their evening meal 
off branches of the neighbouring trees, and by farther distant rumbUngs of the 
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eurth — ^whioh name of ub professed to have slept throdgh. Next morning news 
began to filter in saying that there was a lot of damage in the neighbouring villages 
immediately to the west, and not quite so much damage to the east, though we 
could see for ourselves that the temple which had formed such a conspicuous land- 
mark in the morning, had fallen. 

As soon as we could get transport coolies we set off, three of the party to the 
west towards Darbhanga with two elephants, and myself and my wife to the east 
with two elephants. We crossed the Tiljuga by a boat, and presently came up 
with our luggage, which had been left behind the previous day. There we sorted 
out our things, and putting our most necessary baggage and some cold food with 
a small tent on one of the elephants, and taking four or five coolies, we set off on 
the other elephant to Nauhatta, our other baggage following behind on carts. 
The most trying part of the journey on the elephants was in crossing several de- 
pressions and patches of water, which were deeper than they were when we passed 
them the day before, where the elephants went very gingerly, in case any crack 
in the ground should be there, hidden by the water. Every now and then we felt 
more shocks, one at 11 and another at 12 ; and we passed great cracks in the ground, 
which seemed to get worse and worse as we approached Nauhatta. Water was 
stiff standing in many of the fields, and it appeared that the surface of the earth 
was a series of shallow waves, about a mile or so from crest to crest, the tops of 
the waves being more or less dry, though split in places, and the depressions being 
filled with larger cracks, and covered with shallow* water. Near Nauhatta we 
met Hood (assistant manager of the Banaffi Estate) who was coming out to see 
what had happened to us. He told us the bungalow at Nauhatta was cracked, 
all the brick houses down, huge cracks in the ground, the temple tilted and crooked, 
and at least one person killed by the fall of a wall. We preferred walking to going 
on an elephant, as tremors were still going on, and on those occasions you feel less 
safe on the back of an elephant than you do on the ground ; but sometimes we 
had to ride, to save our legs for a long journey, and to get dryshod through the 
patches of water. By now we knew that the railway was out of order, and the 
telegraph wires down, and began to fear that the earthquake was much bigger than 
we at first thought ; in fact a peon soon arrived bringing a message, which had 
somehow come by wire from Madhipura, saying all the public buildings there were 
damaged — 20 or 30 miles away from us. We reached Nauhatta and explored the 
village, and sure enough there were cracks and holes through which the water had 
gushed up big enough to hide an elephant, or almost two. Houses down in all 
directions, and in one place a wide slab of earth had sunk a whole foot below the 
rest. Here, as in other villages, the wells had become filled with mud, and we had 
to warn the villagers to be as careful as they could, and use tank water for all pur> 
poses except drinking, and reserve the well water for drinking. At Nauhatta we 
had some food, about 2 p. m>, and then being disappointed in our hope that a oar 
oould reach us there from Supaul (10 miles on), we decided to push on on borrowed 
bioytsles, taking our neoessaries with us on a new relief of coolies — ^for the elephants 
were tired, and at any rate we were tired of going on elephants. At last we collect- 
ed coolies and bicycles and set off, and when about five miles from Supaul were 
relieved to see the Subdivisional Officer coming out in his car to fetch us. We 
went back witii him along the road aa far as we could, a mile or so, and waited a 
short time until the coolies turned up ; then we loaded the luggage in the oar and 
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retained to Supaul. At Sukhpur the damage seemed to be as much as in Naa> 
hatta ; but near Supaul there was not much water about ; nor was there much in 
Supaul itself ; but many houses were down, and there had been one death. People 
were preparing to spend the night in the open, though there had been no tremors 
sinoe about noon. 

The bungalow at Supaul was cracked and unsafe, so we had a small tent pitched 
and presently another tent appeared ; and as the CJommissioner’s servants were 
there we had a hot dinner instead of a cold as we had expected, and the first bath 
for two days. We spent a less uneasy night than the last. 

Next day all seemed cleared off ; I walked round the public buildings, all of 
which are cracked and many of them quite unsafe — the court, the registry office, 
the school, the jail — all. In the jail I had to give orders that the prisoners should 
not be locked up in the wards at night ; for in some buildings the doors were shut, 
were jammed and could not open, and we could not run the risk of prisoners being 
inside a looked and jammed building. At the hospital patients were in the open, 
and a tent was therefore put up to accommodate them. By now rumours began 
to filter through of disasters at Darbhanga and Muzaffarpur and Monghyr. At 
Mongh 3 rr, the rumour came from a man, who was said to have come from there 
by a bicycle, that the whole town was flat, and 7,000 or 8,000 people were dead. 
Even allowing for exaggeration, it was evident that there was an appalling calamity. 
At the station we heard that the Sonepur bridge was damaged — opposite Patna — 
so God knows what can have happened at Patna. Even now — the evening of the 
17th — ^we do not know. These reports, with occasional tremors still going on, 
make us feel depressed, to say the least. After lunch, and after giving some instruc- 
tions to the Subdivisional Officer we went out a few miles to the east on bicycles. 
Mine was too small, and after a bit I preferred to wedk. For a few miles east of 
Supaul there are few cracks in the ground, but pukka houses are damaged. The 
sugar factory is badly damaged and the verandah has come completely away from 
the Campbell's bungalow. Further east the cracks in the ground and the water- 
spouts increase again. After getting back to Supaul 1 held a meeting of the local 
people and the salt and oil dealers, who, agreed to a sjnatem of control of prices by 
the Subdivisional Officer. The prices of oil and salt were fixed, stocks were to 
be reported to the Subdivisional Officer, sales to people in the town were not to 
exceed J seer salt and one bottle oil, and sales to people outside the town could be 
made in larger quantities only on the order of the Subdivisional Officer, who would 
only give that order when the applicant agreed to sell in turn at a fixed price. We 
went to see the patients in the hospital, who are now sheltered in a large tent. 
The 2nd officer returned from near Pratapganj, and reported similar conditions up 
there. Spent the evening making arrangements to depart early next day, the 
route being through country of which the condition was not Imown. Received 
definite news of Bhagalpur for the first time to-night ; viz. a wire to some private 
person saying there were “ great troubles ” there, and a constable, who had returned 
from there via Mansi, and reported 100 deaths. Had 1 known the earthquake had 
affected Bhagalpur badly I would have returned earlier, and if I had known trains 
were running from Mansi, 1 would have gone that way. But having arranged 
transport to Madhipura ai)d wired to the Subdivisional Officer that 1 was coming, 
1 decided not to alter my plans, especially as 1 was anxiouB to see the state of affairs 
at Madhipura. 
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18ih January 1934 . — Up at 6, but it took 2 hours to collect the necessary cooliee 
and to get the loads sorted. Left at 8 in the Subdlvisional Officer's car, which 
took UB to Dhimra, whence we had to walk 3 milea to the level crossing at Jagatpur 
(the coolies having come 4 miles along the railway). Thence walked to Laukaha, 
where fortunately the villagers were helpful. They soon provided a couple of fast 
bullock carts, and the coolies cheerfully undertook to go as far as 1 required, pro- 
vided they were fed, and food was fortunately available at a bazaar a couple of 
miles on. After halting an hour we went on, across country which is affected, but 
not so badly affected as Nauhatta. Near Jogbani met a Head Constable and a 
peon, who had come from Madhipura to meet us (my wire had reached the Sub- 
divifiional Officer only about 10 a. ra.). Eventually reached the Kosi and got a 
boat, and arrived at Madhipura at 6 p. m., having done 20 miles by foot, bicycle, 
cart and boat, besides a few miles in the Subdlvisional Officer's car. Everything 
had gone like clockwork on this journey, which would have been really enjoyable 
if it had been made for tiny less tragic reason than it was. Constable Chotey Singh 
(No. 203) who was deputed to accompany me, did very well and worked cheerfully 
and I said he would be given a good mark. 

Spent the evening walking round the town with the Subdlvisional Offic*er, and 
talking to the people. All public buildings are badly cracked — much worse than 
at Supaul — the hospital is quite unsafe and they are unable even to get at the 
medicine. I instructed the Subdi visional Officer to jjut up a tent, and get some 
medicine from surroxmding dispensaries, and start the hospital again. Many 
houses of local people have become irreparably cracked, and I understand there 
will be no local objection to shifting the headquarters of the Subdivision. The 
Subdivisional Officer has already taken steps to control prices. The town is in a 
miserable condition — water everywhere, and the treasury cannot be opened. But 
there were no casualties in the town, and only 6 in the whole police station. Spent 
the night in a tent. 

19^ January 1934. — U^) at 4-45 and left at 6-30 a. m. for the Ghat, and then 
left in two boats by the Kosi. I was informed the journey to Badla Ghat would 
take 6 hours ; allowing for excessive optimism, I thought it would be 8 hours. 
Actually we never reached Badla, and have now (6 p. m.) changed course to Dha- 
mara ; even then we shall not arrive till about 9 p. m., and thence will have to 
walk 8 miles to Mansi. Progress is dreadfully slow, and my regret is that I did not 
get any news from Bhagalpur earlier, or realise that it was much worse off than 
Supaul or Madhipura until the 18th evening. I must get back by to-morrow morn- 
ing, whatever happens. 

Continued on 2 let January 1934 . — ^From 6 to 8 p. m. we were progressing pain- 
fully along in the dark, on a very cold evening, up a tributary of the Kosi, trying 
to find the railway. The country looked quite desolate and seemed to have no 
habitations at aU. Lights appeared in the distance, but seemed to be will o' the 
wisps, and we began almost to wonder if the railway had ever existed. Across the 
river we saw houses, and we shouted but got no reply. We poled across to examine 
the inhabitants, and then discovered that the houses were clumps of grass. At 
last we saw more lights, and these turned out to be real, and then we saw the railway 
bridge. We questioned the people as to the way« and found a fenyman ; when 
requested to show us the way he said he had not had his meal yet. He was greeted 
with shouts ol ** neither have we, and we have rowed all day **, and he had no 
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•HornfttiTtt bat to oozne. We now tamed into gtreanx (downetfeen thia 

time) and preaentlj ran into a stoat barrier aorosa the river, whioh held os ap. 
Oar boat turned sideways on, and our second boat came charging into os, and 
there was almost a danger of ending our day’s journey in the cold water. Bven- 
tually we got through the barrier of stout posts, and shortly landed at a village, 
whence the road runs to Mansi. Presently we were greeted by a European girl, 
who we found was staying in a Zamindar’s cutohery with her mother. They took 
us in and gave us some hot tea, which we enjoyed at 9 p.m. ; and as we had a 
tifBn box full of food with us we were all right ; and as there was a shop our servants 
and boatmen were all right also. We learnt that there was a train from Mansi 
at 2 a. m. (8 miles off) and I was relieved to find there was a road to it, as I had 
visions of going along the railway line, and having to cross the river at Badla Ghat 
over the railway bridge, which was probably precariously tilted at any angle, with 
no parapet. We left at 10, myself and my wife, one servant and one chaprasi, 
carrying one lamp and a torch, and a couple of coats and a blanket, a thermos of 
tea and a large apple and some chocolate, and aocompamed by two men to show 
us the way and to help us at the ferries over the two rivers. The two men, who 
were ferry men, turned back after seeing us over the second river, and we went on 
alone. It was only 4 degrees above freezing point, and we were glad to walk. At 
12-30 we heard a tremendous shouting in a village, and the earth was felt to be 
qua k i ng again ; the birds in the trees were disturbed and thousands of crows 
fluttered out wnth a tremendous noise. Although we were within 20 miles of 
Monghyr there was not a crack in the road though many houses were down. As 
we approached the station we heard a train, and our hearts sank, as we had visions 
of spending hours on a cold platform. But it was only shunting, and we caught it. 
We began to hear more news, and our worst fears about Monghyr were confirmed ; 
but Bhagalpur news was better, and we heard there were only 0 deaths. In 
exchange we were able to give some news to anxious enquirers about Supaul and 
Madhipura. At about 2 the train started, and the cold was intense. What the 
poor people living in the open with only t hin coverings must have suffered, must 
have been terrible. But we were so tired we could sleep under any conditions. 
About dawn we reached the Ganges, and were told the steamer was late and we 
must wait. But it soon arrived, and was warmer than the train, and we got some 
tea and a curious tasting bun. We landed and found no oar had come to meet us, 
as we expected ; and we had to walk a mile and a half home, oarr 3 dng our lamp and 
our rug and our thermos. We reached our house and found tents up and our 
furmture all out of the damaged house, in tents or scattered about the garden. 
We have nothing to grumble at and we have suffered no loss at all. 


Extracts from a report by Sir J. WilUamsoo. 

When the shock occurred, all trains to the east of Gorakhpur automatically 
stopped running ; a number remained stranded for days between stations. Orders 
were issued to run no trains during the night of the 16th-10th ; next day trams 
on the less seriously damaged portions were got through at restrict^ speeds. There 
were several instances of wagons being thrown off the ridings in statbns and cap- 
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On the 16th one of the principal days of the Magh Mela, aooompanied by the 
Traffio Manager, I had been inspecting the arrangements at AUahabad and Benares. 
An hour or so after the shock occurred, severe but not alarming at Allahabsid, a 
telegram was received intimating the destruction of two spans of the large Inohoape 
bridge over the Gogra near Chupra and we immediately started by special train in 
that direction. On reaching Benares and Aunrihar, as was expected, telegrams 
intimating very extensive damage elsewhere and that the Tuitipar bridge between 
Bhatni and Mau was impassible, were received. On arrival there at dawn of the 
16th inspection showed that the bridge was safe for the passage of trains at slow 
speed ; girders had been displaced longitudinally on their roller bearings, the piers 
having moved and been displaced as has been found to have happened to nearly 
all girder bridges on well foundations, and that one well and pier had canted several 
inches upstream. 

At Salimpur station where the Barhaj Bazar and the main lines join, bridge 
No. 4 (2/12 ft. girders) has been badly shattered but was quickly cribbed up, the 
line slewed, and trains got through. Except at these three points, the large Inch- 
cape and Turtipar bridges and Bridge No. 4, little major damage has occurred on 
the Doab lines. 

On the 16th accompanied by the Traffic Manager, I went to Tirhut. Owing 
to the general destruction of telegraph wires, little information except from along 
the main line could be got ; telegrams were badly mutilated and much of the 
information so gleaned was subsequently found to be garbled. Even now, nearly 
three weeks later, authentic particulars about the Darbhanga-Bairagnia and Sakri- 
Jaynagar Sections, are just being obtained. 

I inspected down to Khagaria and then to Samastipur and on the 19th managed 
to trolly through as far as Sakri and on the 20th from MuzafEarpur towards Moti- 
hari. From what was seen, a fairly accurate idea of the earthquake action could 
be gathered. 

Of the 2,100 miles comprising the Bengal and North-Western and Tirhut System, 
it may be said that on 900 miles traversing North Bihar and the eastern United 
Provinces hardly a mile of track was undisturbed • embankments settled and even 
disappeared entirely, the rails remaining suspended ; elsewhere they were raised 
or shifted many feet laterally. The permanent way even where least distorted 
may be likened to a construction lino on a high new bank which has passed through 
a heavy monsoon without attention. So severe is the distortion in places that 
a trolly could not be safely taken round the kinks. Not a bridge remains undamaged 
from minor cracks in arches, wing walls and abutments, displaced piers and girders, 
to complete destruction. Training works and guide-banks of large bridges have 
been cracked and shaken. Few buildings remain unscathed ; some, such as Haiya 
Qhat station are entirely shattered, others partially so, and few are without crackB 
and damage of some nature. 

The devotion of the staff to duty despite the severe nerve-wracking experience 
they had undergone was very marked indeed. Patrolling was immediately stcuted, 
permanent way gangmen themselves taking the initiative, and very soon trains 
were got through on sections of the main line found safe to run over. 

The Engineering staff very promptly got going, first of all on the more important 
lines, picki^ up settlements, straightening and bolstering up damaged bridges with 
sleeper cribs and packing on piers, adjusting displaced girders, and doing what 
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was Buffioient to get trainB through at low speed. The main line was quickly got 
through to the Bur Birdge near Khagaria where passengers are being transhipped, 
and from there to Katihar. It will be at least the end of February before traffic 
oim be got over the bridge, one pier of which has sheared in three places ; the top 
portion displaced longitudinally is really supported by the girders. Arrangements 
are being made to support the girders on staging and to dismantle and rebuild the 
pier. 

Between Hajipur and Muzaffarpur through running became possible on the 
24th January ; extensive damage has been done between Kurhani and Turki. 

The next section to be got through was from Bachhwara to Samastipur with a 
lengthy diversion round a destroyed bridge near Puaa Road and through nmning 
was re-established on the 27th. 

On the Mansi -Bhaptiahi Section running between Mansi and Saharsa was open- 
ed on Ist February and it is expected to open up to Bhaptiahi towards the end of 
the month. There are numerous diversions on this section. 

The Saharsa- Dauram Madhipura branch is severely damaged and the Tilaway 
bridge destroyed. A train has l>een cut off on the Dauram -Madhipura side and 
when the section has been temporarily repaired, probably by the 7th of February, 
it will be worked as a shuttle train with one transhipment as used to be done during 
the rains. 

Running between Samastipur and Sakri will be resumed about the 16th of 
Febniary. Amongst other severe damage on this line, the 100 feet spans of the 
Bur Gandak bridge near Samastipur and of the Bagmatti bridge, have over-ridden 
the roller bearings and will have to be jacked up and adjusted. One pier of the 
Bagmatti bridge — ^the second from the north abutment carrying the 40 feet spans — 
bas sheared ; this river is now dead — the bed silted up years ago — so that the bridge 
pan well be shortened ; therefore the two end 40 feet spans are being removed and 
the embankment carried out to the 3rd pier which will become the abutment. 
Diversions are being constructed round several other bridges. 

The Sakri -Jaynagar branch has been very severely knocked about ; at least 
five diversions with pile bridges will have to be constructed but it is hoped to get 
trains through as far as Madhubani by about the middle of February. 

Between Sakri and Tamuria on the Eastern Branch, running will also be resumed 
about the middle of February, but further east to Bhaptiahi progress is uncertain 
as damage is more severe. 

On the Khagaria-Hassanpur-Samastipur line, diversions have been construct- 
ed at places and traffic was resumed and communications quickly restored with 
the exception of the Bur Gandak bridge near Rusera Ghat several piers of which 
have been fractured and girders displaced. Temporary repairs are being effected 
and it is expected that trains can be crossed over this bridge by the 15th of Febru- 
*ary which will afford a through route without transhipment from Katihar vta 
Khagario-Samastipur and Muzaffarpur to the main line at Sonepore. 

On the Muzaffarpur-Bettiah Section damage is very great ; the Dhanauti 
bridge, 4 spans of 60 ft. girders, between Jiudhara and Motihari, as also many 
I mailer bridges, have b^ totally destroyed. Diversions are being constructed 
with a large diversion and pile bridge round the Dhanauti. It is, however, hoped 
that trains can be run througb to Motihari and Bettiah by the end of February 
which will re-establish rail oommunioation with the Bettiah-Motihaii, Bagaha and 
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Bhikna Thoree lines where no great damage was done and over which train services 
have been nin since shortly after the earthquake. 

Communication with Raxaul from Narkatiaganj will be opened on the 7th of 
February. 

The Sagauli* Raxaul line is severely damaged especially in the Sikrana valley, 
where the girders of several bridges have fallen and it is doubtful if this Section 
can be re-opened before the monsoon. 

The Captainganj-Thawe and the Chupra-Mashrak-Thawe-Savan loops were 
re-opened section by section with diversions round numerous destroyed bridges. 
Through running of trains was resumed on the first mentioned section on 17th 
January and on the latter on 2nd February. 

On the 26th January a steamer service for passengers and parcels was com- 
menced over the Oogra for the Inchcape bridge between Manjhi and Bakulha 
stations and is well patronised. 

The two 200 feet girders of the Inchcape bridge which have fallen are much 
damaged ; it is, however, possible to buUd up one complete span from the un- 
damaged members to be out from the two and by obtaining another complete span 
to re-open the bridge before the monsoon. Until the Muzaffarpur-Bettiah route 
is re-opened communications with north Champaran district is being etfcctod via 
the Gorakhpur-Chhitauni Branch with a boat ferry over the Gandak river between 
Ghhitauni Ghat and Bagaha station. Lines are being laid in across the river bed 
from these stations on each bank to the main river channel to facilitate tranship- 
ment. 

Needless to say lines which arc being re-oponed are at present very primitive ; 
any means available to get trains going at restricted speed have been <‘mpIoyed. 
A great handicap is the waterlogged condition of the country, all water levels 
being high, which hampers earthwork, etc. 

As already mentioned, our large stations in Tirhut, Muzaffarpur, Samastipur, 
Darbhanga, Sakri, Narkatiaganj have stood up well and escaped severe damage. 
At Muzaffarpur the old engine-shed collapsed, burying a couple of engines which 
have now been dug out. At Samastipur the chief damage in the Locomotive 
Workshop is to the old boiler and blacksmith’s shops, and the Saloon Shed ; they 
will have to be re-built. The Workshop chimney was badly shattered and has 
been dismantled ; since the electrification of the shops it has been out of use and 
need not be re-built. The end walla of the new engine-shed collapsed. The con- 
tents of Store buildings wore thrown about and some kerosene, castor and linseed 
oUs lost. 

The water supply and the electric curtent at Samastipur and Muzaffarpur were 
interrupted but resumed within a couple of days ; repairs had been effected. The 
6" pumping main from the Bur Gandak at Samastipur was broken in many places 
and spigots drawn from the sockets. Muzaffarpur piping was also damaged but 
the deep tube well was not put out of action. Machinery in Samastipur shops does 
not seem to have been damaged. 

At Sonepore the traffic officers’ bungalows and staff quarters, especially those 
on the north side of the station, have been badly knocked about. 

Everywhere tales are told by the staff of miraculous escapes of themselves and 
families staying in Railway quarters. So far as is known at present, only three 
were killed, a oarpenter and a coolie in the collapse of the Engineering Wor^hop at 
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Samaitipiir and one ci the Loco. Staff ; a few have been Berioualy injured. Many 
have, however, lost families and relatives at their own homes. 

Additional Assistant Engmeers and subordinates and Permanent Way men 
have been equipped and sent to the striohen area. Until Resident Engineers and 
Assistant EngineeiB can devote time to make a detailed survey of the damage and 
prepare estimates — ^this is now being taken in hand — ^it is impossible to give any 
close figure of the cost of reconstruction. Several years will be required to restore 
bridges, buildings and track to the normal standard. 



SECTION B.-GEOLOGICAL SUEVEY OBSERVATIONS IN 
THE CENTRAL TRACT^. 

(A. M. N. Ghosh.) 

CHAPTER XIII. 

ROAD AND RAILWAY TRAVERSES. 

Hajipur-Muzaffafpur . — Although the railway between these two stations was 
damaged communication was restored soon after the earthquake. The motor 
road was not seriously affected. The following observations were made partly 
from a moving train and partly from a motor car. 

Both railway and road between Hajipur and Bhagwanpur (16) did not appear 
to have been damaged to any great extent. At the village of Sarai, W. N. W. — 
E. S. E. walls of houses were damaged. The weUs in this village were not filled 
with sand. Several large isolated patches of sand, silt, etc., were noticed east of 
the railway track here and there between Hajipur and Sarai and more towards 
the latter station. Thatched huts, as noticed from a running train, appeared to 
bo undamaged. Patches of fine yellowish brown sand and silt were seen on the 
eastern side of the railway line about a mile south of Goraul. The worst damage 
was between Goraul and Muzaffarpur. About 16 miles from Muzaffarpur oraoks 
and fissures six inches to 12 inches wide, were mainly parallel to the railway em- 
bankment but occasional transverse fissures crossed the line. Mud craterlets, 
confined to the low lands on both sides, continued abundantly for a couple of miles. 
The diameter of the vents varied from six inches to over two feet. Kurhani station 
was not much damaged. The walls, facing the railway lines, of a temple at Turki 
collapsed. The station building at Turki did not suffer much but cracks developed 
along the length of the kutcha floor of the station platform and ejected fine silt. 
Along the District Board road abundant sand vents were noticed about seven to 
eight miles from Muzaffarpur and wells were filled with sand, but the road bridge 
about nine miles from the town was undamaged. Two miles from Muzaffarpur 
a pillar fell towards S20°W and its measurements gave an acceleration of 2769 mm. 
per second per second. 

Mr. Chandreswar Prosad Narayain Singh, M.L.C., Chairman of the District 
Board, Muzaffarpur, was travelling in a railway train which had left Muzaffarpur and 
was proceeding towards Turki, when the earthquake took place. He was reading 
a newspaper and suddenly felt a jerk which was followed by a tilting movement 
and the carriage tossed from side to side. He saw the telegraph poles bend and 
heard the wires twang. The train, stopped and, alighting, he immediately noticed 
a volume of dust in front of him. Beahsing that it was an earthquake Mr. Singh 
looked towards Muzaffarpur and noticed that the sky was almost red, being laden 
with dust and smoke. The railway lines were buckled and the direction of un- 
dulation seemed to be north-south approximately. Water spouts appeared, on 
the low lands on both sides of the ndlway lines, to heights of over one foot. 

^This section has been written with the help of the £t]d cotfs of Cr. Bvtn, hfr. 
Auden and the author. The portion relating to H. Bengal and Darjeeling vas Eipj lied 
by Mr. Wa<iUa in the form of a note. 


( m ) 
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Muxaffarpur-SUamarhi Road, — ThM road was built on an embankment as most of 
the Burrounding oountiy consists of low lying swamps and marshes. The road 
was so severely damaged that through traffic was impossible for some time before 
the various d^aged bridges and culverts could be temporarily repaired. The 
embankment disappeared in places, the road was brought down to the level of the 
surrounding country, and became very uneven and in places tilted. Large areas 
of the surroimdmg country were covered with water, much of which emerged from 
sand vents and fissures which dotted the surface. The road was, in places, covered 
with a thick layer of sand. Banks of rivers closed in, as indicated by the buckled 
pUe bridges. The worst damage was within the first ten miles from Muzaffarpur, 
where the road was often undulating and out by fissures. Portions of the road 
remained unaffected, as between miles 17-18J, and sometimes even arch and steel 
bridges were intact. The last 10 miles to Sitamarhi were not very bad but a con- 
siderable amount of sand wm emitted. A detailed account of the condition of this 
road, which outs across the most severely damaged tract in Bihar, is appended 
(mileages refer to distances from Muzaffarpur) : 

0-7 miles. Fissures parallel to the road were frequent, roadway subsided 
at many places ; sand vents numerous in the surrounding low 
lands. 

7- 8 miles. Bead embankment sank four to five feet and bottoms of adja- 

cent jhils wore raised. 

8- 9 miles. The road near Dharampur village dropped five feet and was 

two feet under the flood water. The masonry culvert No. 18 
collapsed, the arches near the nuddle gave way and one of 
the piers sank and was tilted towards the south-west. A 
girder bridge was buckled up and down and the end pillars 
sank one to two feet, but the middle ones were undamaged. 
The buckling was most pronounced near the centre and there 
was a slight lateral displacement of the piers. 

9-10 miles. Slumping considerable. Screw pile bridge was safe, although 
there were a few cracks in the abutments. Of the ten arches 
of the masonry culvert No. 23, the three central arches col- 
lapsed and the eastern and the western walls were cracked. 
The bridge sank towards E. 15°S. but there was no lateral 
shift. Near this bridge lowland was covered by five to six 
feet of sand, 

10- 11 miles. Slumping considerable. The screw pile bridge, No. 27, fared 

badly. The central piers were raised to two to three feet 
above their original positions the girders being bent upwards. 
The northern abutments sank and were more damag^ than 
those on the southern side. The alignment of the bridge 
was unaffected. The masonry culvert No. 28, consisting of 
five 12 feet spans collapsed. The masonry culvert No. 30, 
consisting of four 15 feet spans also collapsed. 

11- 12 miles. The worst part of the road was at mile 12. At Rampur Hari, 

many mud huts were cracked but only a few collapsed. Several 
pillars of the ver»[idah of an unfizdshed hUchti-puoca house 
fell respectively towsuds N.30°E. S.25*^W. and S.30°W. 



12- 13 miles. 

13- 14 miles. 


14- 16 miles. 

15- 16 miles. 

16- 17 mUes. 

17- 18 miles. 

18- 19 miles. 

19- 20 miles. 

20- 21 miles. 

21- 22 miles. 
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gave an acceleration of 2,400 mm. per second per second. 
Almost all the wells were filled with sand. A screw pile bridge 
was buckled up and down. From 1 1 J mile onwards sanding 
was ruinous and thousands of sand vents were noticed in the 
low grounds. 

The country on both sides of the road was badly affected by 
sand vents, and about mile 12^ the road was thrown into 
undulations. 

Sand vents were numerous and the road undulating. The Khanua 
screw pile bridge was buckled laterally to the extent of four 
to five feet in an easterly direction. The central part of the 
bridge sank two to three feet and an easterly shifting of the 
bridge was noticed near the northern end. All the pillars 
were tilted towards the north bank. A pier near the northern 
end of the bridge sank and fissures ran parallel to the north 
bank of the river. The next bridge (over an abandoned river 
bed) to the north was raised. One of the piers of this aban- 
doned bridge lay hidden for years and was exposed by the 
road sinking about two feet six inches. 

The northern bank of the Bagmati was heavily sanded and 
cracks ran parallel to the river bank. The road was undulat- 
ing for some distance and at mile 14^ was levelled with the 
surrounding land. A screw pile bridge was buckled. Near 
the 16th milestone, fissures were both parallel and transverse 
to the road and sand vents were numerous. 

CJopious sand was ejected on both sides of the road. 

The Mami river bridge, 270 feet long, was badly buckled up 
and down and sagged about five feet. Both abutments 
were tilted ; the central pier was upright but other piers were 
tilted towards either bank. Two masonry bridges just beyond 
were only slightly damaged. From 16^ mile to the end of 
the 17th mile there were only occasional patches of sand. 

Sanding was in a few isolated patches. Bedaul village was 
little affected. Two masonry bridges were slightly damaged. 

Sanding was slight and conditions much improved. The large 
masonry culvert at mile 18J was severely damaged. 

Road level sank near the 19th milestone. Further on the road 
was badly affected and was undulating. East of Dhanespatti, 
the road and surroimding land was covered by sand and 
water. The temple at Dhanespatti was undamaged and the 
masonry culvert near the village remained intact. A few 
houses in the village fell. 

The road was undulating and much sand and water emitted. 
The village of Runi was badly affected and surrounded by 
water. At 20f mile the surrounding land was covered with 
sand. 

North of milestone 21 the road was free from sand and the 
condition good up to Saidpur village, which is on an elevated 

P 
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22-23 miles. 


23-24 miles. 


24-25 miles. 


25- 26 miles. 

26- 27 miles. 


27-28 miles. 


28-29 miles. 


29-30 miles. 


30- 31 miles. 

31- 32 miles. 


tract of land. The masonry bridge about the end of this 
mile was little damaged. 

Conditions were good up to 22} mile, but north of Morshad 
the fields were heavily sanded to a depth of one foot six 
inches. 

The screw pile bridge at the beginning of this mile was intact 
but the road was undulating for about quarter of a mile. 
Further on the road improved and sanding was practically 
absent. 

Near the screw pile bridge the road was undulating and sand 
was emitted about 100 yards south of the bridge. About 
400 yards from the 26th milestone the road began to un- 
dulate but at Thumba village conditions improved to a great 
extent. The girder bridge at about mile 24} was unaffected. 

Only slight damage to the country side was noticed about 300 
yards from the 26th mile. 

At mile 26} the fields were dotted with sand vents and covered 
with sand over 12 inches, especially north and east of Banauli 
(26}) although the village itself was undamaged. From this 
village onwards the road was undulating for over quarter 
of a mile and sand vents filled the fields on both sides with 
sand and water. Further on conditions improved slightly 
up to within a furlong from the 27th milestone. 

From the 27th milestone the road was badly damaged. There 
appeared to be a sudden increase in intensity of the shock 
as was evident from the collapse of houses at the village of 
Garha, where sand accumulated to a depth of several feet 
in houses and over the road. There was a slight improvement 
beyond this village but about 300 yards from the next mile- 
stone (28) conditions became bad once more. 

At the beginning of this mile crops were damaged by sand and 
road and low lands were intersected by fissures ; both sides 
of the road were water logged. Conditions improved slightly 
beyond 28} mile, but near the end of the mile the road was 
undulating. The village of Premnagar near the 29th mile 
had considerable sand deposits. 

The village of Subhri at the beginning of this mile was also 
badly affected and the road undulated for some distance 
beyond the village. Buildings were damaged near Lagma 
and the road was affected by fissures and sand vents near 
the end of this mile, where the sand deposits were six to nine 
inches thick. 

The road was badly undulating for the first quarter of a mile. 
Further on some sand was noticed and a few fissures near the 
end of this mUe. 

Along most of this mile the country is highland and was little 
damaged by fissuring and sanding. A few fissures were aligned 
parallel to the road. 
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31^33 miles. Neither the road nor the adjacent crops -were much affected. 

33- 34 miles. The road and bunds on both sides were very badly damaged 

and covered with thick deposits of sand ; fissures and sand 
vents continued for about half a mile from the beginning 
of this mile. Over the last 600 yards of the road, however, 
damage was slight. 

34- 36 miles. The first half mile of the road and the surroimding country 

escaped damage. Damage in Muniari Kuthi village was 
slight. The last half mile was badly affected by sand vents 
and the road was undulating. 

36-37 miles. Along the last two miles into Sitamarhi damage by fissures 
and sand vents was heavy and the road was frequently un- 
dulating. Grey sand attained a thickness of two to three 
• feet. Some places wore riddled with sand vents and the 

heights of craterleis varied from six to twelve inches. 

Muzaffarpur-Motihari-Bettiah Hoad . — ^Mileages refer to distances from 

Muzaffarpur. 

9 mile. At Kasba Kanti several houses were fissured. No sanding took 
place. 

10 mile. Emission of sand became abundant from this mile. 

13 mile. Wells were filled with sand and their masonry lining broken. 

16 mile. En echelon sand vents aligned N.35°E.-S.36°W. were noticed in 
the fields. 

18 mile. Emission of sand was very heavy at the village of Motipur. 

21 mile. Lines of sand fissures were striking N.28°E.-S.28°W. 

23-31 miles. Very little sanding took place along this stretch and only a few 
houses were damaged. Railway lines at Maisi were undam- 
aged. 

31 mile. At Barachakia the land was not badly affected. 

36 mile. Sanding was very heavy along this mile. 

36 mile. Many fissures were present. 

37 mile. Sanding was bad at Pipra. 

41 mile. The road was considerably damaged by fault-fissures. Emission 
of sand and water was heavy. 

44 mile. The road was very badly damaged. Sanding and fissures ex- 
cessive. 

46 mile. The road was better and there was less sand. 

6 miles from Motihari. — The road w£is bad. 

9 miles from Motihari. — Extensive floods took place. Wells in village were 
filled by sand. 

Flooded country and sand continued to within about two miles of the Sagauli 
side of the Lohera turning. Towards Bettiah conditions improved, the intensity 
di m i n ish in g about ten miles from Bettiah. 

BeUiah-Ckd}indganj~Keaariya’Pipra Road . — Emission of sand was more or less 
bad up to 14 miles from Bettiah. At Lakanipur there were small floods and but 
for small cracks the houses were unaffected. The 20th and the 2lBt miles were 
over swampy country, but no sand vents or fissures were noticed. There were a 
few crac]^ in the houses at Gobindganj and the fields were imdamaged. Sanding 

?? 
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and Assuring began at Sangrampur and houses were cracked. Conditions were 
bad at Kesariya, houses had fallen and the land was fissured and sanded. No 
sanding took place for five miles north of Kesariya. Beyond this village, however, 
damage was considerable on both the Pipra and Sagauli roads. At Sidhi Bazar 
the sand fissures were five feet wide. Along the Old Bettiah road, sanding and 
flooding were prominent up to within ten miles of Bettiah, after which they were 
less conspicuous though sporadically present. 

Sugatdi-Baxaul Road . — Collapse of houses and subsidence of land along this 
road were a general feature, especially one mile north of the Sikrana river, but 
not actually along the river itself. The screw pile bridge near Ramgarhwa was 
almost intact. The station buildings at Ramgarhwa were slightly cracked and a 
well 24 feet deep contained 15 feet of sand. Collapse of houses in the village was 
slight. 

JHotikcm-Dhaha Road . — Near Motihari this road was badly affected bdt emis- 
sion of sand lessened about five miles from Motihari. Beyond Sikrana a little 
sanding took place becoming worse near Dhaka particularly four miles to the 
E. S. E. of Dhaka and around Dhaka Thana. Mirpur village, about three miles 
on the Motihari side of Dhaka, contained many fallen houses. 

Mumffarpur-Darhhanga Road . — This motoring road was impassable for several 
weeks after the earthquake. Causeways sank and bridges were either destroyed 
or rendered unsafe and the road was in many places intersected by fissures. For 
the first 15 miles out of Muzaffarpur, fissures and sand vents were very abundant 
on both sides of the road. Beyond this the road was practically undamaged by 
fissures for a distance of about five miles. From mile 25 sand vents and fissures 
reappeared in profusion, particularly around Simri and towards Darbhanga. The 
following details were kindly supplied by the District Board Engineer of Muzaffar- 
pur. Mileages refer to distances from Muzaffarpur. 

7th mile. A tree fell at the 7th mile towards E.10°S. Road was faulted. 

8th mile. Portion of the road about 150 feet long sank three feet and was 
cut up by fissures striking parallel to the road. 

9th mile. About 260 feet of the road at one place sank about five feet. The 
brick paving sank and was damaged. 

10th mile. Near the Gandak river about 180 feet of the road sank some five 
. feet. The road was cut up by eight fissures. 

11th mile. The entire portion of the metalled road some 80 feet in length 
sank bodily about three feet and the road was riddled by in- 
numerable fissures. 

12th mile. The wing walls of a masonry culvert were damaged by cracks. 

Small fissures traversed the metalled road. Sanding was not 
extensive. 

13th and 14th miles. This portion of the road was overrun by fissures. Ex- 
tensive sand and sand vents, like porridge, over the fields. 

16th mUe. The arches of the masonry culvert were cracked. Fissures tra- 
versed the metalled road. Heavy sanding in the oountiy-side. 

16th mile. The Berua timber bridge was badly damaged, the eastern abut- 
ment piles sank and the central piles in one row were raised. 
The side beams were damaged. In several places fissures caused 
spbsi^enoe of the road. The inasonry culvert east of tke 
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BeruA causeway was damaged, its abutment and wings sank 
and the arch cracked. 

17th mile. The Berua causeway sank at several places. Arches of the ma- 
sonry bridges Nos. 12 and 13 were cracked. MB. No. 14 was 
pushed towards the west and its arches cracked. 

18th mile. The eastern wings of MB. No. 16 were heavily cracked and its 
masonry damaged. The arches of the masonry culverts Nos. 16 
and 17 were cracked and the wings settled. Four re-inf orced 
slabs of cement concrete of the Jarang causeway were raised 
and cracked. About two miles of the country was under water 
but little sanding took place. 

19th mile. Several fissures intersected the metalled road. 

20th mile. The screw pile bridge was dilated. 

2l8t mile. Several fissures crossed the road. 

22nd mile. The eastern approach of the iron viaduct bridge over the Bagmati 
river was pushed westwards and raised. The screw pile 
bridge over the Perocha gap collapsed and the approach para- 
pets were damaged. 

23rd mile. The Bonibad tubular bridge was heavily damaged. The masonry 
on both approaches on which the bridge was suspended col- 
lapsed and the abutments and all the piers were cracked. The 
iron frame lay suspended in the air. The metalled road was 
cut by fissures. The arches of the MB. 25 were cracked 
and its wings damaged. 

24th mile. The ro-inforced brick slab on the top of the “ Irish culvert ” was 
cracked and the culvert rendered unsafe for heavy traffic. 
Several fissures intersected the metalled road. 

25th mile. The screw pile bridge collapsed. Several fissures traversed the 
metalled road, which sank in two places. Wells were filled 
with sand in the villages along the roadside. 

26th mile. The arches of the masonry bridge, just east of the causeway, 
were cracked. There were several fissures in the neighbour- 
hood. 

Muzaffarpur-Puea Road . — This road was not so severely damaged as was the 
case with several others within the same isoseist, since it lay outside the Slump 
Belt. Houses tumbled down along the first mile of the road, which was travci-sod 
by several large faulted fissures between the second and the third milestones. 
Paddy fields on both sides of the road became undulating. Heavy fissures cracked 
the metalled road at several places along the fourth mile. Within the fifth mile, 
the road sank at several places and was cut by large fissures. At two places, 30 
and 20 feet in length respectively, the road sank about three feet.' Dark sand was 
ejected sometimes over a foot in depth. Similar conditions prevailed up to the eighth 
milft and a little beyond. A peepul tree fell towards E.10®S. at the seventh mile. 
The masonry culvert together with parapets in the seventh mile cracked and sank 
and that in the next mUe collapsed. In this mile about 45 feet of the road sank 
to a depth of four feet. Several fissures were present in the ninth mile and two 
arches of a masonry bridge at the next mile were cracked. From the tenth mile 
onwards the road was practically undamaged although occasional patches of sand 
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were noticed as far aa the 16th mile. The Dholi masonry bridge, aligned E.35®S.- 
W.35®N., at the 16th mile, was damaged rather severely. A portion of the bridge 
was faulted towards the east and the eastern end near the abutment sheared hori- 
zontally and one of the arches sagged slightly. From here onwards the road was 
practically undamaged as far as the Pusa Research Institute. 

£>arblianga-Madhxibani-Jayiiagar Road . — Sanding was very slight as far as Sahri. 
Most of the bridges were unaffected but occasional diversions had to be made on 
account of the cracking of a few piers. Sanding was slight on the way to Madhu- 
bani but it became very heavy at that village. 

Darbhanga‘8amastijpur Railway . — All the observations were made from a 
running train. In general the railway lines were not so severely affected as in 
other places. Mileages refer to distances from Samastipur. 


0- 1 mile. 

1- 2 miles. 

2- 3 miles. 


3-4 miles. 


4-6 miles. 


6-6 miles. 


6-7 miles. 


7- 8 miles. 

8- 9 miles. 
9-10 miles. 

10-11 miles. 


11- 12 miles. 

12- 13 miles. 


Hlight damage. Masonry bridge near 0/8 not seriously damaged. 

Not much damage. 

Gandak bridge displaced and lines buckled. At 2/9 lines were 
taken out. Heavy sanding in Muktapur station compound 
and yard. Lines buckled very badly. From here to mile 3 
heavy sanding on both sides of the railway embankment. 
Cracks ran north-south and N.W.-S.E. 

Between 3-3/13 heavy sanding on both sides of the embank- 
ment, from 3/13-3/16 sanding only on the western side of 
the permanent way. From 3/16-3/21 fissures and sand vents 
on the eastern side. From 3/21-mile 4 sand vents and sand 
on both sides. 

From mile 4-4/12 sanding and some fissures. Between 4/12- 
4/16, no effects near the embankment but sanding in the 
distant lowlands. From 4/16-railc 6, moderate sanding. 
Fissures east-west. 

Heavy sanding from the fifth mile to 6/9. Then a region of no 
damage. Thatched huts in the distance were not much 
damaged. 

Bridge on road at 6/3 damaged, Kishanpui' station was scarcely 
affected. ISomo of the kutcha-pucca houses were cracked and 
a few mud huts collapsed. North of Kishanpur station a 
number of cracks three to six inches wide ran in east-west 
to E.N.E.-W.S.W. directions. Sanding on both sides between 
6/23-mile 7. 

Sanding between 7/2 and 7/9. Between 7/11-7/14 sporadic 
outbursts of sand. From here to mile 8 moderate. 

No damage. 

Sanding between 9/6-9/19. 

A diversion was made between 10/21 and 10/23 as the oentral 
pier of a masonry bridge collapsed and fell to the south, the 
girder and the rails hanging in the air. 

Some sanding between 11/10-11/13. 

Masonry bridge with gMers damaged, 12/10-12/16 moderate 
san^g on both sides and from here to mile 13 heavy eanding 
on both sides of the embankment. 
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13-14 miles. 


14-16 miles. 
16-16 miles. 


16- 17 miles. 

17- 18 miles. 

18- 19 miles. 


19-20 miles. 


21-24 miles. 


From mile 13-13/2 heavy sanding on both sides of the embank- 
ment. From 13/2-13/10 the low land was covered by sand 
vents. The station building at Haiya Ghat was badly dam- 
aged having sunk over a foot, cracks on the station platform 
were parallel to its long axis, N.20°E.-S.20°W. The perma- 
nent way was buckled both up and down and sideways. The 
railway bridge near the station was damaged ; the northern 
abutment was cracked as also were the two central pillars. 

The girder bridge between 14/13-14/16 was slightly damaged. 

Heavy sanding between 16/21-16. Piers of a masonry bridge 
at mile 16 cracked and a portion of the lines buckled up and 
down. 

Heavy sanding between mile 16-16/3. Sand vents near 16/23. 

Sanding and sand vents between 17/18 and 17/20. 

Masonry bridge between 18/9-18/10 only slightly damaged as 
also the one between 18/12-18/13. Sanding between 18/20- 
mile 19. 

Sanding between mile 19-19/3 and between 19/7-19/10. From 
19/22 onwards both sides of the line were moderately to 
heavily sanded up to the approach of Laheria Serai station. 

Occasional sanding on both sides of the redlway between 
Laheria Serai and Darbhanga. 


Kha^aria to Supaul via Mansi Junction , — The country on both sides of the rail- 
way line from Khagaria to Mansi, as far as one could see from a train, was not 
tlamagod by fissures or sand vents. From Mansi northwards, up to near the tenth 
mile conditions were definitely good — emission of sand was rare, the railway station 
at Badla Ghat, four miles north of Mansi, was not damaged. At about the ninth 
mile, the masonry bridge on the Kursela nala was damaged. The bedstone of 
the pier next to the north bank was shifted four inches to the north, the pier itself 
also moved about three inches in the same direction. In the case of the other 
piers the girders as well as the pillars moved three to four inches to the east. The 
railway lines on the bridge were buckled sideways. From milepost 10/10 north- 
wards fissures appeared at right angles as well as parallel to the railway embanko 
ment. The girder bridge No. 44 on the Khagna at the 11th mile was affected rather 
badly ; some of the piers leaned eastwards but the bedstones on them were shifted 
either towards the north or the south. The river flows here in an east-west direc- 
tion and the bridge at this point is aligned north-south. The bedstone on the 
pier next to the north bank was pushed northwards, but those of the third, fourth 
and the sixth from the north bank shifted southwards. The following mUeages 
refer to distemces from Mansi Junction. 

11- 12 miles. Between 11/4-mile 12 occasional emission of sand. Cracks 

parallel to the embankment but no ejection of sand, 

12- 13 miles. Emission of sand rare. 

13- 14 miles. Occasioned emission of sand in large patches from sand vents. 

Occasional cracks parallel to the embankment with no ejection 

of sand. 

14- 16 miles. Occasional sand vents in the borrow pits. Some cracks parallef 

to the embankment. At 14/13 mile-post the embankment 
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sank about four feet and emisflion of sand took place from 
vents in borrow pits. 

16-16 miles. Medium sized sand vents in the surrounding lands with emission 
of some scmd. Cracks parallel to the embankment between 
16/6-16/7 mile-posts. At Semri Bakhtiyarpur cracks about 
half an inch to one inch wide ran parallel to the platform 
N.IO^W. 

Rare emission of sand here and there. 

Occasional patches of sand especially in borrow pits. 

Ooocisional patches of sand, sometimes from crater-like vents. 
Land mostly clear. Sometimes a few cracks parallel to the 
permanent way. 

Occasional heavy emission of sand from innumerable vents. 
Cracks parallel to Sonbarsa Katcheri station platform 
aligned N.2<J''W. Much sand was ejected in the borrow pits. 
Heavy emission of sand took place. 

Moderate to heavy emission of sand. Sometimes the land was 
quite clear. At 22/10 there was a very large crateriform 
fissure. 

Emission of moderate to heavy amount of sand took place with 
intervening clear tracts. From 23/13 to mile 24 sand 
deposits were heavy, accompanied by large fissures. 

A practically clear mile. Occasional sand vents, with some- 
times heavy emission of sand. 

Clear up to 25/6, then patchy sand deposits up to 26/8, from here 
onwards conditions much improved. 

From Khugaria up to this point the tract lies in isoseismal VIII, from hero 
northwards the entire line is in isoseismal IX. From Saharsa to Supaul the tract 
comes within the Slump Belt. 

26-27 miles. Noith-south cracks were parallel to the asphalt paved platform 
at Saharsa station. The station was subjected to a moderate 
emission of sand yhich continued a few hundred yards north 
of the railway station. The station building was unaffected. 
Conditions became bad from 26/ 14-mile 27. Information 
was obtained from a Permanent Way Inspector, that at one 
place between Sonbarsa Katcheri and Saharsa stations the 
entire track with the rails, sleepers, ballasts, etc., was 
buckled sideways in an east- west direction. The maximum 
shift from the centre of the lines was between four to five 
feet. 

The branch line of the B. & N. W. Railway from Saharsa 
to Matiali was badly damaged by fissuring. The embank- 
ment subsided and the lines were buckled as much as five 
feet laterally. At the Tilawa bridge, west of Baijnathpur 
station the girders fell and the brick piers were broken. 

27-28 miles. Emission of heavy sand took place from mile 27-27/4 and then 
oocauonally up to 27/8. Conditions improved from here up to 
mile 28. 


16-18 miles. 

18- 19 nules. 

19- 20 miles. 

20- 21 miles. 

21- 22 miles. 

22- 23 miles. 

23- 24 miles. 

24- 25 miles. 

25- 26 miles. 



28- 29 miles. 

29- 30 miles. 


30-31 miles. 


31-32 miles. 


32-33 miles. 


33- 34 miles. 

34- 35 miles. 

35- 30 miles. 

30-37 miles. 

37- 38 miles. 

38- 39 miles. 

39- 40 miles. 

40- 41 miles. 

41- 42 miles. 

42- 44 miles. 
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A fair amount of sand was ejected in patches. 

Clonditions were bad on both aides of the permanent way. Bet- 
ween 29/10-29/11 a big patch of yellowish brown sand from 
a fissure running across the railway line in a N.W.-S.E. 
direction. ‘ Another big patch of sand was noticed on both 
sides of the line extending from 20/15-mile 30. 

Emission of sand took place on both the sides of the permanent 
way, more especially on the west. Clusters of sand vents 
were dotted all over the lines of several fissures, some of the 
latter having depressions near their centre. 

Occasional but heavy emission of sand took place. Sometimes 
it continued for several hundred yards. Sand vents were of 
two types — (a) a rim of sand around a depression or hollow, 
(b) crater-like. Fissures were of four types — (a) simple groimd • 
cracks ejecting no sand, (6) cracks wdth ejected sand, (c) 
fissures with sand and sand vents arranged in clusters along 
the lines of fissures, (d) crater-like fissures. 

Occasional patches of continuous dark grey and light yellow 
Blind with intervening spaces of clear ground. The station 
jfiatform at Panchgachia (32/12) was not cracked or damaged. 
East of the station, cracks were oblique to the railway track 
and some yellow sand was ejected. 

Emission of sand was pretty heavy up to 33/11, after which 
conditions improved slightly, but occasional patches of sand 
continued. Beyond 33/14 sand vents and fissures were con- 
fined mostly to the western side of the railway line. 

Wide fissures and some sand occurred. 

Occasional emission of sand. Conditions were distinctly bcttiT. 
The railway station at Parsarma (36/3) was not much affected. 

Emission of sand took place in the borrow pits. Sometimes 
fissures were present on both sides of the permanent way. 

Conditions rather bad. Patches of sand stretched for long 
distances on both sides of the railway lines. 

Emission of sand was less frequent. 

Portions heavily affected by sand emissions. Near mile 40 
emission of sand in light patches. 

From 40/2-40/8 emission of sand rather heavy. At Dhimra 
bridge (40/9-40/10) some of the bed plates on the piers were 
shifted eastwards but that on the first pier from the north 
bank was shifted towards the north. From here onwards the 
land was mostly clear of sand. 

Emission of sand occasional but from 41/10 very rare. 

Emission of sand in patches, which became less and lesa approach- 
ing Supaul. A large crack at the southern end of the plat- 
form at Supaul emitted some sand. The station platform 
was also cut by north-south cracks along its length. From 
similar cracks on the eastern side of the platform gome 
sand was ejected. 
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SupaiU-Sabri via Bhaptiahi . — The railway line around Supaul was badly dam- 
ebged. The lines were twisted and thrown out of alignment as muoh as three 
or four feet. Embankments sank in places two to three feet. Piers of bridges 
leaned towards the west, and in the case of girder bridges on brick piers, the 
steel plates on which the girders rest were displaced towards the west. At 
Tharbitia about eight miles N. N. E. of Supaul, a ptuxa house and one or two 
mud huts collapsed, most of the other mud huts were cracked. Conditions 
became worse on the line from Bhaptiahi to Sakri. Although the bridge between 
Raharia and Nirmali did not coUapse, its piers sank and rendered the 
bridge unsafe for sometime. The lines were twisted and the embankments sank at 
many places. 

Madhipura-Supaul Road . — Fissures and sand vents were abundant from near 
Gamharia into Supaul. The majority of the fissures were aligned N.E.-S.W. 
Many of the mud or bamboo and mud houses on both sides of the road collapsed, 
esjieoially the mud huts. Fissures were more numerous on the Madhipura 
side of Supaul than on the northern side. 

Mahadeopur Ohai-Katarea via Bihpur . — The rail lines from Mahadeopur Ghat 
to Thana Bihpur showed little signs of the earthquake. Thana Bihpur station, 
a pucca brick building, was undisturbed but adjacent buildings showed slight cracks. 
A planter’s bungalow at Bihpur was rather badly affected. 

Along the line to Karhagola Broad station, there was no sign of damage to the 
stations. Some buildings adjacent to the line at Kharik were, however, badly 
cracked, and the upper portions of buildings — copings, parapets, etc., collapsed. 
Some of the movements here were definitely north-south. The railway bridge at 
Katarea appeared unaffected. 

Karhagola Road-Pumea . — A good motorable roeid connects the two places. 
Proceeding from Karhagola Road there was no sign of damage up to Korha, at 
about the 16 th milestone, where some buildings were damaged ; but the road and 
the surroimding country was much fissured and small areas of ejected white sand 
could be seen scattered about. In the vicinity of the road the majority of the 
fissures were more or less parallel to the road. The road subsided at many places 
and became very uneven. A screw pile bridge was not only slightly out of align- 
ment but also sank a little in places. The earthquake damage became much more 
noticeable from about Chathariapir northwards. 

Railway between Pumea and Jogbani . — ^Damage to the railway lines commenced 
about two miles south of Pumea. North of the town bridge abutments were cracked, 
and up to Forbesganj the brick piers sank in places. Between Pumea and the 
next station Kasba, the embankment sank in several places. The piers of the 
bridge near Kasba were out of plumb and sank. The abutments of another bridge 
near Kasba were shattered. North of Elasba the lines were buckled considerably 
and fissures ran east-west. From Kasba to Jalalgarh station there was no 
damage to the permanent way. From Jalalgarh to Kusiargsion station the 
embankment settled here and there. From the last station the damage to the 
permanent way became worse as the Araria Ck)urt station was approached ; 
bridges were shattered and fissures, although irregular, mainly ran parallel to 
the railway lines. The station building at Araria — a pucca stmoture — ^was badly 
fractured and had to be partly dismantled. From Araria northwards damage 
was still worse. Masonry ’ bridges subsided, abutments were shattered , piers 
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sank and the track was crossed by innumerable transverse fissures up to 
half a mile long, whilst others were parallel to the track. The worst damage 
on this line took place between Simraha station and three miles north of 
Forbesganj station. The track beyond Forbesganj was very badly damaged. 
A bridge, two miles north of Forbesganj, was badly shaken ; the brick 
abutments and the piers subsided ten feet almost to the ground level. Three 
miles south of Jogbani Station the piers of a girder bridge were tilted and the 
girder fell — the piers were 70 feet high and the tilt was up to 1 in 25. The badly 
built station quarters at Jogbani tumbled down. 

Purnea-Murliganj (Isoseismal IX). — The piles of the Saura bridge were raised 
or lowered differentially. Pile bridges beyond sank slightly. The track subsided 
and the rails were so badly buckled that it was impossible for a troUoy to go over 
them, at least as far as the Kali Kosi, five miles west of Pumea. At the Kali Kosi 
bridge the piles were moved bodily along the stream. Subsidence of the track 
and buckling of the lines continued from here ui> to mile 12, and fish-plates in some 
cases were sheared and separated as much as 12 inches. In some cases the track 
was buckled five feet, t.c., thrown five feet out of alignment from the centre line. 
Buckling was noticed chiefly on or adjacent to a bridge. East of Sarsi the piles 
of the bridge sank. The railway station was badly shattered and the platform 
overrun by fissures. The pile bridge near Banmankhi, beyond Sarsi, was humped 
up and the adjacent track subsided. Buckling and subsidence of tracks and the 
derangement of the piles out of line continued right through to Murhganj. On 
this section most of the fissures wore East- West even where there was no depres- 
sion or embankment. Similar conditions prevailod over the Behariganj section 
up to Behariganj. 

Pumea- Dhumdaha Boad . — Dhamdaha is a small village about 20 miles South- 
west of Purnea, with which it is connected by road. Fissures and sand vents 
were within ten miles west of Pumea, after which they were rare. The abut- 
ments of most of thj bridges wore cracked. About two miles west of Dhamdaha 
a timber pile bridge was humped up and the banks closed in a little. 

At Dhamdaha the bimgalows were slightly affected by wall cracks. Most of 
the bamboo and thatched huts remained undamaged. 

The railway bridge a few miles out of the village had temporary sleei)er piers 
at the date of inspection, as the timber piles were out of line. 



CHAPTER XIV. 


ISOSEISMAL X, NORTH OP THE CANOES. 

Champaran district. 

A small part of the north-eastern comer of Champaran district falls within 
isoseismal X. The only important village is Dhaka about 20 miles W. N. W. of 
Sitamarhi, where most of the huts collapsed and the thana was badly damaged by 
an east-west fault. 


JHuzaffarpur district. 

Riga (26° 36" : 86° 24'). — Tins station, situated on the B. & N. W. Railway 
and about six miles north-west of Sitamarhi, is the most westerly important place 
within isoseismal X. Many houses in the village collapsed and a large number were 
badly damaged ; two bungalows sank about 18 inches. The railway lines were 
severely damaged, partly as a result of surface fissures many of which showed 
differential movement. The rails were buckled and twisted, and sleepers displaced 
about six inches, usually to the E. S. E. ; the rails were broken at the fish-plates 
and telescoped, with also a lateral displacement of six inches. The road was badly 
damaged ; oars on the road near Riga were stranded in sand, which locally reached 
a depth of three feet. 

The most important building here, the Belsund Sugar Factory, was almost 
entirely ruined. Sand issued from fissures in the reinforced concrete foundations. 
The compound, which was 1 foot 6 inches above the surrounding country before 
the earthquake, sank on the average 1 foot 4 inches below the general ground level. 
Instrumental levelling, carried out a month after the earthquake, demonstrated 
differential movement up to 2*5 feet within the compound itself. The eastern 
wall of the compound showed a differential sinking of 1*6 feet. 

Sitamarhi (26° 36' ; 86° 29'). — Sitaqiarhi is a sacred place in Hindu mythology, 
os tradition relates that here Sita sprang to life out of an earthen pot into which 
King Janaka drove his ploughshare. It is the headquarters of the subdivision of 
the same name and has a population (1931) of 10,701. The town is situated on a 
branch of the B. & N. W. Railway, and is also connected by road with the Nepal 
frontier, Darbhanga and Muzaffarpur. The Lakhandai river passes the eastern 
side of the town, and was spanned by a fine brick bridge. 

Sitamarhi was the worst affected town north of the Ganges and came within 
the main slump zone. The town was badly damaged by fissures and sand vents 
and the greater part of it was covered with sand, in places four to five feet deep — 
sanding reached a maximum in this locality. According to Mr. Jalil, the second 
officer, some bullocks were trapped and buried under five feet of sand. All the 
wells in the town were infilled with sand but on re-excavating there was very little 
change in the water level. A well in the dak bungalow compound was crossed by 
fissures striking E. 10° N., causing differential movement of arches between the 
two halves of the well. Many fissures were parallel to streams, or to embankments, 
but others ran in a general N. N. W. direotion. A typical fissure was 80 yards 
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long, eight feet wide and infilled with sand to within three feet of the top. Snb- 
sidencse between fissures sometimes took place. The main drain running through 
the centre of the town was entirely choked with sand. 

Although the town is placed in isoseist X, the actual collapse of houses, in the 
sense of tumbling to the ground, was not excessive ; not nearly so marked in fact 
as at Monghyr. Houses collapsed largely as a result of the foimdations giving 
way, but the number of complete collapses wets small. Only one house, however, 
of any weight escaped tilting and sinking into the ground — the P. W. D. bungalow 
was the only exception — and none was inhabitable. Many of the walls of buildings 
sank as much as two feet and foundations and floors were broken up completely. 
Sand covered the floors of sunken buildings to a depth of up to three feet. Con- 
centric fissures formed in the ground around several buildings. 

According to Mr. Jasewal, Engineer of the District Board, the buildings on 
the whole were tilted radially outwards from the centre of the town. Buildings 
in the jail were left tilted as if on waves ; portions collapsed and one of the block 
houses sank. The northern and southern boundary walls of the jail compound, 
two feet thick and of excellent brick construction, each fell north as a single unit. 
The eastern and the western boundary walls were cracked and left standing. The 
prisoners escaped, but one man returned in an ekka because the jail appeared to him 
safer than the bazaar. Fissures striking E. 12° S. traversed the jail compound 
which was full of fine sand. The jail is aligned E. 10° S. 

The hatchery buildings sank three feet into the ground below their verandahs. 
The Criminal Court, a one-storey pucm building elongated N. 10° E. and surrounded 
by a verandah with arched roof, sagged in the middle. The eastern and the western 
walls were heavily cracked ; the southern wall fell southwards ; the north-eastern 
comer of the verandah fell to the north ; the arches of the western verandah feU 
W. 16° N., and the pillars of the east-west verandah, together with the verandah, 
fell 10° E. of N. 

The railway bridge collapsed as if pushed from the east ; the piers feU west and 
the lines were severely twisted and buckled. At one place the ballast was pushed 
W. N. W. by the sleepers as much as a foot. The railway embankment subsided 
irregularly and large fissures were formed in the ground parallel to the embank- 
ment. 

The Post Office clock stopped at 14*16 hours (I. S. T.) but the postmaster thought 
that the movement began between 14*11 and 14*12 hours (I. S. T.). The Post 
Office clock might have been a little inaccurate. The chairman of the municipality 
believed that the time of arrival of the shook was 14*16 hours (I. S. T.). According 
to him the shock was preceded by preliminary tremors, which increased in violence 
and ended abruptly. It was heralded by a loud rumbling noi^e. 


Darbhanga district. 

Madhvhani (26° 22' : 80° 06'). — This email eubd^^aenal town (180 feet above 
sea level) in Darbhanga district is about 23 miles north-east of Darbhanga town 
and 25 miles from Laheria Serai, the district headquarters, to which it is connected 
by railway. It had a population of 18,789 at the 1931 census and is an important 
trading centre for the surrounding rich agricultural country. The town follows 
the i^orth and south trend of the principal thoroughfares, 
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Madhubani was the most severely damaged town next to Sitamarhi ; the type 
of damage was similar as the majority of the buildings were affected by slumping 
of the ground although a large number were damaged by severe shaking. Many 
of the buildings were tilted. Although in general most of the confused mass of 
bricks, plaster and splintered beams represented the remains of houses built of 
poor materials, the destruction of newly built pucca buildings testified to the strength 
of the shook in this epioentral alluvial area. 

Within the town, over 80 per cent, of the buildings either collapsed or were 
badly damaged. Ground fissures ran through some buildings fracturing the walls 
and foundations and also causing subsidence. The heaviest damage was sustained 
in the bazaar area, where two-storied pucca buildings were the worst affected. Only 
a few buildings in Balna on the main road, to the south-east of the Barabazaar 
area, escaped any serious damage ; this portion of the town also escaped sanding. 

The railway station was not affected to the same extent as the town itself but 
houses near the station in the Suratganj area were badly damaged on account of 
subsidence and tumbling. A portion of the town west of the railway station 
subsided. 

The eastern, southern and western portions of the town were overrun by fissures 
and isolated patches of sand vents, the northern part appeared to have been free 
from fissuring and sand. Most fissures had an east-west alignment but a north- 
south trend was not uncommon. 

Local residents remarked that the shock came from a northerly direction — 
slightly west of north. Buildings were seen to sway in a north-south direction. 
The shook was accompanied by a terrific rumbling noise and was so great that 
many people were knocked down and few were able to stand without difficulty. 

The main shook is said locally to have commenced between 14*10 and 14*12 hours 
(I. S. T.). The station clock stopped at 14*12 hours (I. S. T.). The duration was 
variously estimated at between 120 and 180 seconds. 

Eye-witnesses gave the following accounts : — ^Mr. D. N. Raha, manager of the 
Rajnagar estate, was in the dak bungalow at Madhubani, and at about 
2*15 p. m. he felt first a mild tremor followed by a smart shock and heard 
a rumbling noise as of distant thunder a few seconds after the first 
tremor. The duration of the entire shock was about three minutes but 
the main shock lasted about two minutes, the main shock ceasing abruptly. 
During the main shook he felt that a wave was passing below his feet and 
he was forced to sit down. He saw the tiles and walls of the building 
crash. Although buildings swayed north-south he noticed that the direction 
of the wave motion was in a general east- west direction. Soon after the 
shook had ceased water flowed from the causeway nearby. He ran to the 
railway station, which lay east of the dak bungalow, and found the railway 
lines undulated and thrown into S-like emwes. At some places the permanent-way 
was raised and at others it had subsided. He then proceeded towards Rajnagar, 
following the railway line, and noticed numerous water spouts in the fields on both 
sides. The alignment of these was roughly parallel to the railway embankment 
and the water had a putrid smell. The colour was blackish with suspended sand 
and clay. He had to wade through the water occasionally and foimd it tepid warm 
at two places but mostly cold. In some places the railway lines were bent in 
zigzag fashion and were suspended in n^id-air, the embankment having subsided * 
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the bridges were like inverted Vs. Mr. W. G. Archer, aubdivisional ofiloer, Madhu- 
bani, recorded two shocks at intervals of ten minutes ; he thought the main shook, 
which started at 14*16 hours (I. S. T.), lasted for 120 seconds. Hanging objects 
fell in all directions but mostly to the east and west. Bricks were projected from 
door and window lintels. Ground fissures varied from an inch to two feet in width. 
Sand was deposited on either side of fissures as the water oozed out. Beds of tanks 
were raised and the river swelled. Mr. Bibhuti Bhusan l^tt of G. M. S. S. H. E. 
School, who was sitting on a chair jn his office, felt three separate shocks, and was 
actually pushed up from below. He thought the shock began at 14*13 hours (I. 
S. T.) and lasted for 128 seconds, and that a rumbling noise, like that of an aeroplane 
or a motor car, commenced a few seconds before the shock was actually felt and 
lasted throughout the quake. 

Some of the affected structures may be briefly described : — 

The Criminal Court, a long one-storey huicha-pucca building, is aligned 6° 
south of east to 6° north of west. The main east-west walls sank in the centre ; 
all walls were cracked. Verandah roofs were displaced, in part, and one part 
collapsed. 

T^e remains of the buildings were demolished by sappers and miners after the 
earthquake. The site was overrun by numerous ground fissures striking in a north- 
south direction. Numerous sand vents were present in the low lying ground west 
of the buildings. 

The Bar Library was shattered by numerous ground fissures, all four walls being 
equally damaged. Portions of the roof collapsed and a large portion of the east- 
west verandah on the north collapsed. 

The Dutt Medical Hall, a well-built two-storey building, aligned north-south, 
sank bodily, with a tilt towards the west and north-west but the walls were not 
severely cracked. 

Rai Bahadur Sushil Kumar Roy’s house, a two-storey pucca building aligned 
10° east of north, was badly damaged and both the north-south and east- west 
walls were badly cracked, llie second storey of the northern portion of the house 
collapsed completely. The main building sank a few inches into the ground. A 
portion of the house on the south-eastern comer collapsed as well as a portion of 
the first floor in the north-eastern comer of the main building. Portions of the roof 
on both sides came down. North-south fissures in the compound split the east 
and west boundauy walls. 

Eashori Lai’s house is a large two-storey newly-built rectangular pucoa building 
aligned east-west and with a central courtyard. Two ground fikures striking 
east- west opened the north-south walls on both sides, leaving gaping cracks six to 
nine inches wide. The central courtyard subsided, but the floors were raised and 
heavily cracked. The east-west walls were comparatively undamaged beyond a 
few minor cracks. A very wide crack three to four feet wide ran east-west along 
Rahika road in front of Kishori Lai’s house, Naya Bazaar. Almost every house 
aligned east-west on both the sides of the road collapsed. The main crack noticed 
in Kishori Lai’s house ran southwards first in a N. W. — S. E. direction and then 
swung round north-south. 

Khemdhari Singh’s house is an old fashioned residence of pucoa and kuteha- 
pucca constraction. The central portion — a two storey building— coUapsecL 
portions of the walls which did not fall showed heavier cracks in the nmrth-south 
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walk than in the east-weet. Two masonry pillars near the temple entrance east of 
the main building fell in a direction 10^ east of north. The suite of buildings west 
of the main building ooUapsed. 

The house of the widow of Babu Soni Lai Shah is of two parts : the eastern 
portion is an old hutcha-pucca structure, and the western is a newly built pucca 
buildiiig. The new portion — absolutely unaffected — was perhaps the only house 
in the town which escaped undamaged. 

At Madhubani railway station the platform is aligned north-south. The 
station platform was cracked and sand and water was emitted. The booking 
office was badly cracked. The north-south walls were only lightly cracked in com- 
parison with the southern east- west wails ; the east- west wall on the north sank 
about half an inch. The other rooms of the station had slight cracks in north- 
south walls. 

Rajnagar (26® 24' : 86° 10').* — This small town is about six miles north-east 
along the B. A N. W. Railway from Madhubani. Apart from the beautiful palaces 
and gardens of the Kumar Sahib of Darbhanga, the town possesses no important 
buildings. All the pucca structures were seriously affected by subsidence, fissures 
and sand vents. The palace and office buildings of the Raj Estate were shattered 
beyond repair. Towm fell and gaping cracks, through which one could walk 
without difficulty, out the walls of the various buildings in the palace grounds. 
Portions of the buildings collapsed and sank. The floors of the main palace were 
raised and cracked and the rooms flooded with sand and water. The State road 
leading to the railway station was faulted and fissured ; at many places embank- 
ments sank to the level of the surroimding low lands and a screw pile bridge along 
the road was buckled up and down. Sand vents and crater-Uke depressions of 
very large dimensions were found on both sides of the road. The railway bridge 
north of the railway station practically collapsed. 

According to Mr. R. L. Biswas, station master, Rajnagar, the shock commenced 
at 14*10 hours (I. S. T.), and lasted about 160 seconds. One smart shock of moderate 
int^usity was followed by several sharp and severe ones in quick succession. The 
first shock was preceded by a dee^ rumbling sound as of distant thunder and the 
quake was accompanied by a high rattling noise as of an old motor oar. Water 
and sand spouted at innumerable places, even gushing out from strong cemented 
floors eight feet above gound leveL 

The details of the damage effected at Rajnagar are as follows : — 

The main building of the Rajnagar palace is aligned 5° east of north. The 
palace garden has a large tank on its eastern side. Damage to the building was 
largely by gaping cracks which mostly ran north-south and which extended from the 
roof to the ground and along which there was sometimes vertical displacement. 
Several rooms on the first floor collapsed ; all three main towers were badly cracked 
and the dome of the central tower collapsed. A general sinkinf of the p^aoe was 
noticeable, especially on the western side, where the adjoining verandah sank two 
feet. In the compound to the main building a marble yocmtain, which 

was free to fall in any directj^pNGl towards 10° west of north. The garden path 
sank between two and three leet and was submerged by water which overflowed 
from the tank. The compound was strewn with sand craters. 

North-west of the main palaoe the pwxa house of the Maharajah's step-mother 
was reduced to a heap of debris. Three of the comer turrets fell south- west» but 
that ^ the north-east comer fell towards the east. 
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The bell tower on the south side of the Shiva temple, which is south-east of the 
main palace, collapsed aa also did the tower on the top of the lingam (phallus), 
just near the entrance to the temple. The main tower did not crack. The building 
sank near the centre and the entire temple leaned almost due north. The north- 
south boundary walls were heavily cracked and tilted and effects of horizontal 
shear were noticed ; the east-west walls were also cracked. 

The head office, a massive, well-built, beautifully planned pucca stiucture, was 
entirely ruined by gaping cracks in the walls, subsidence taking place on the north 
and south sides of the building. The tower on the north side collapsed to the 
east and north. 

The Girija temple, to the north of the head office, partly collapsed and the temple 
was tilted to the north. Ejection of sand here was considerable. In the Kali 
temple, built of white marble, verandah pillars were displaced as much ns two inches, 
and the courtyard slabs cracked and displaced. Ground fissures here extended 
east-west. 

The State manager’s house is aligned north-south and sank on the eastern and 
southern sides ; all walls were cracked, and sand and water ejected. The tube 
well in the comjxmnd was raised two feet. 

The Rajnagar railw'ay station withstood the shock rather well, but the railway 
bridge to the north of the station collapsed. The bridge had five piers in the river 
bed but the abutments closed in north and south with movement of the river bank 
and the four northern jners were tilted northwards ; the pier near the southern 
bank fell and the steel girders were thrown into the river. As far as the eye could 
see both north and south from here railway lines appeared to be buckled laterally 
and vertically. 

Mirzapur (20° 24' : 86° 09'). — In this small village west of Rajnagar almost all 
the kiUcha-p'ucc.a buildings collapsed os also many thatched huts. As at Sitamarhi, 
many of the kutcha-pvcca buildings sank. Sanding was heavy, up to thi’ee feet 
deep. The screw pile bridge connecting the village with Rajnagar was buckled 
up and down. 


9 



CHAPTER XV. 


ISOSEISMAL X, SOUTH OP THE OANOES. 

Monghyr district. 

Monghyr (26® 23' : 86® 28'). — This very old town, on the south bank of the 
Ganges, is a district headquarters and, in 1931, had a population numbering 52,863. 
It stands both on alluvium and on a promontory of Archean rocks around which 
the Ganges meanders. 

The town may be divided into two portions : (a) the Fort, which includes within 
its confines the government and other public buildings and the residences of most 
of the Etiropeans, and (b) the Indian quarters extending to the east and south. 
The Fort, built on a quartzite ridge, is formed of a great rampart of earthwork 
faoed with stone. 

The devastation in Mongh 3 rr was greater than in any other part of Bihar. The 
entire town was reduced to ruins, scarcely a house or hut escaped destruction or 
damage. In the Chauk section of Monghyr bazaar, which revealed the most 
spectacular havoc in the earthquake area, scarcely a building or wall was left stand- 
ing. The remainder of the bazaar was not so seriously affected but nevertheless 
the damage was great. The number of casualties was so great that for several 
days after the earthquake the dead and the d 3 dng lay within the mass of bricks 
and debris. Although this large bazaar near the Fort was practically razed to the 
ground, the adjacent north-west comer of the town within the Fort, suffered but 
slightly. The main damage to pucca buildings occurred at the edge of the high 
ground, on the alluvium along the eastern side of the Fort. Here, all the buildings 
were destroyed. The Fort wall collapsed in many places. Ground fissures cut 
right through the massive walls of a bastion on the west side of the Fort, at the 
edge of the river. 

The general direction of movement throughout Monghyr was east to west, but 
vertical movements were also noticed ; instances were quoted of buildings being 
lifted a few inches before they collapsed. Rotational movements were also indi- 
cated by the monuments in the cemetery. 

Although a few ground cracks appeared here and there the wholesale fissuring 
and sanding of the slump belt was noticeably lacking at Monghyr. According to a 
report from Chupraon factory a huge spout of water several feet in diameter rose 
quite high into the air in front of the garden ; the water so saturated the ground 
that the garage some 200 yards from the spot sank. North-east of Sitakund, four 
miles east of the town of Monghyr, three bigkas of land were covered to a depth of 
up to six inches with a sandy silt ; there were four fissures runlittg east-west on 
the north side of a shallow stream, and water was said to have spouted to a height 
of four feet during the quake. 

As a rule, buildjngs on rock outcrops were damaged less than those on alluvium. 
The quartzite forming the higher ground appeared definitely to have resisted the 
severe shaking and the greatest damage was confined to the alluvium immediately 
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Burrounding it. The Pir Pahar house may be cited as an example. The house is 
built on the quartzite hill to the east of the town ; a portion of the eastern verandah 
collapsed, otherwise the building was only slightly cracked. This type of building 
was almost invariably badly damaged elsewhere, the rich ornamentation, roof 
balustrades and verandah pillars collapsing. Other buildings which escaped in- 
cluded (1) new briok-and cement-built houses, as the Lochnagar bungalow, (2) 
those built on eminences or platforms, which acted os cushions and (3) cement 
concrete or re-inforoed concrete structures, such as the Electric Supply CJompany’s 
power house and offices. 

Most of the houses along the river front, particularly on the north-west side of 
the town, suffered less damage than those elsewhere, and many were subsequently 
quite habitable, even though they were on alluvium. This was in contrast to the 
damage at Patna. In the case of a town such as Monghyr, where an almost wholesale 
collai)se of buildings took place, it is difficult to single out individual buildings to 
convey an idea of the t 3 rpe of damage effected, hence only a few of the damaged 
buildings are described here : — 

The Judge’s house was slightly damaged and the house of the Kasim Bazar 
family, built on rock on the river bank was slightly cracked. The movement here 
was in all directions. The eastern side of the Deputy Commissioner’s Court fell 
mostly to the east, and the remainder of the building was badly cracked. The 
Subdivisional Magistrate’s Court partially collapsed on the northern side ; the 
western and southern portions we re standing but bewlly cracked. The Collectorato 
building was very badly damaged ; both the roof and the walls partially collapsed. 
The Judge’s Record room was affected only over doors and windows. The jack- 
arched roof of the Treasury building was badly cracked. The verandahs on the 
south and the east sides of the Civil Court building were badly damaged, the pillars 
were out of plumb. Of the two Record rooms, the newer one suffered only slight 
cracks whilst the older, which was a tall building, had larger cracks. The Police 
office was badly damaged ; only two rooms on the sfmth were spared. The Police 
Station collapsed. The I’own Hall was badly damaged and the outhouses forming 
the servants’ quarters fell. The P. W. D. godown eollapsed. The Jail buildings 
were badly damaged and the jirisoners had to be secured in a shed under an armed 
guard soon after the earthquake. The jail walls fell east and north. The eastern 
and western ends were built on top of the old wall which was eight feet high ; the 
upper part collapsed at the join. The Jailor’s quarters and office collapsed com- 
pletely and the Assistant and the Deputy Jailor’s quarters collapsed partially and 
portions were seriously damaged. The remaining buildings in the jail were variously 
damaged. Monghyr church collapsed as also did the western wall of the church 
compound. The Collector’s and the District Judge’s residences were two of the 
very few building in Monghyr which escaped with minor damage ; the main build- 
ings escaped with slight diagonal cracks in the walls and over the arches. The 
outhouses were, however, more severely damaged. The Civil Surgeon’s residence 
was badly damaged and had to be rebuilt. The residence of the Superintendent of 
Excise collapsed, killing his two daughters. The residence of the Police Superin- 
tendent collapsed and the Superintendent of Police was injured. In the Monghyr 
Hospital only the lower storey of the women’s hospital was undamaged. The 
Baptist Mission collapsed. Tlie gate hero gave excellent evidence of the acoeleratiun ; 
§n omapaept on tjie top of the south gate post fell south, the north gate poet fel} 
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bodily east amd the f raoture near the base was suoh that the poet could not have 
mov^ laterally before falling. Only alight damage took place at the Monghyr 
Water- works ; the tower was imdamaged, there were some fine cracks in the 
masonry of the overhead tank and the suction pipe of one of the pumps became 
choked. A settling tank leaked on account of cracks in the walls. There were some 
leaks in the mains but they were speedily repaired and the supply of water was 
resumed within a short time. The Superintendent’s quarters were badly damaged. 
The Electric Supply Station, built of concrete, was undamaged. An electric fan 
suspended from a low ceiling in the Electric Supply Co.’s new premises — ^intact 
building — struck the ceiling at both the extremities of its swing in a roughly east- 
west direction. Two blades of the fan were bent. The factory of the Imperial 
Tobacco Manufacturing Co, (India), Monghyr, is a modem brick structure with 
a steel framework. The shock here was felt distinctly in a N. E. —S. W. direction, 
followed by rotatory movements of the ground and then by an up and down 
motion. Twelve feet of the top portion of the brick chimney fell to the east.* 
The brickwork was fractured and the steel frame work of the building thrown out 
of alignment. The western wall was leaning west and the movements of the roof 
joists resting on the walla fractured the latter. The steel window frames were 
buckled, but wooden frames were undamaged. The tomb of Shah Nafa, an old 
monument built on a low hillock, completely collapsed. The Fort wall, built in 
Moghul times, collapsed in many places. 

In the Chauk section of Monghyr bazaar, over an area of some 40 acres, every 
building was razed to the ground. Over a larger area of the bazaar, the narrow 
streets and winding lanes were blocked for several days by the debris from fallen 
two-storey buildings. It was impossible to distinguish the gullies and even the 
wider roods, as debris of the ruined houses covered everything. Considering the 
extent of the destruction it is surprising that only some 1,200 people wore killed ; 
this comparatively low casualty list is explained by the fact that actual collapse 
of the buildings took place towards the end of the shock, permitting people time 
to get out into the open. Deaths wei^ mainly amongst women and children who 
were unable to get out of doors quickly. The widespread damage in the bazaar 
area results from the number of tall, old and badly built structures which occupied 
this section. 

A large number of private buildings outside the bazaar were also ruined, amongst 
them being the palace of the Raja of Monghyr and a number of old buildings of 
historical interest. 

Outside Monghyr there was little sign of damage to the mud huts in the various 
villages. Only those provided with heavy tiled roofs were damaged. Usually, 
in such caaes, the roof collapsed bringing dowui the walls. 

In the Old Cemetery, the top of the obelisk over William Mundy’s grave waa 
cracked, apparently by east- west movements. Two other columns and«another 
obelisk were cracked by east-west movements A tall round column on a square 
base fell towards the north-west. In the New Cemetery, the headstone over Allen 


• Same direction as a chimney at Bhagalpur which came down cm the engine hous^ 
roof to the e^t. 
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Dear Murray’s grave rotated anti-olookwise, whilst the lower part of the base of the 
headstone of Hersohel Dear Murray’s grave and also another similar headstone 
rotated clockwise. A marble obehsk fell to the east ; another similar obelisk fell 
south and its base rotated anti-clockwise. The top portion of an obelisk was 
standing but it had moved westwards, whilst the base was twisted anti -clockwise 
and moved five mchos towards the west ; the pedestal was mtact. A cross, facing 
east, foil north and rotated clockwise as it fell. Several brick monuments were 
cracked by east-west movements. Most of the monuments m these cemeteries 
were facing oast and west. 



CHAPTER XVI. 


ISOSBISMAL IX, NORTH OF THE OANOES. 

Saran district. 

Villages in Qopalganj and Ghapra subdivisions, — In the villages of (lopalganj 
and Chapra subdivisions, huts wore destroyed by large ground fissures from which 
sand and water were ejected. Some of the individual cracks were several hundred 
yards long, three to four feet wide, and one was reported to be over 30 feet deep. 
Evidently this formed part of the Slump Belt, which crossed the Gandak river 
into the Saran district where it extended in a N. W.-S. E. direction for over 30 
miles parallel to the Gandak river over a width of ten miles. Many villages within 
this zone wore badly affected by fissures and sand : others built on raised ground 
escaped fissuring but were severely shaken and innumerable mud huts collapsed. 

Villages affected by sanding and fissuring include Rajaputty, Marwa, Satjora, 
Sahbazpur, Dubauli and Murwara. Wells and nalas were choked with sand and, 
village sites were destroyed by large fissures. At Rajaputty the bungalows of 
Mias Rutherford were extensively damaged by largo fissures and the floors of some 
of the rooms were raised as much as six inches by outbursts of sand. A shallow 
tank in the compound was filled with sand to a depth of a foot and a half. At 
Sahbazpur a chest containing ornaments was reported to have disappeared into 
one of the fissures which passed through a two-storey kutcha pucca house, completely 
wrecking it. The old bed of the Gandak lying west of this village was said to have 
been raised and the District Board road skirting the village was thrown into undula- 
tions. Some bridges along this road were cracked and abutments raised as much 
as three feet. 

Villages damaged by simple shaking include Tarwa, Devapur, Teinma, FaizuUah- 
pur, Sarangpur, Rasauli, and^Phekuli. Sometimes heavy outbursts of sand took 
place in the low lands surrounding the villages, damaging the crops and, in the 
case of one or two villages, the ground level was reported to have been changed by 
the earthquake. The severity of the shock experienced by these villages could be 
gauged from the fact that the majority of the mud huts were practically razed to 
th*^ ground. 


Champaran district. 

Motihari (26® 40' : 84® 66'). — This town, the headquarters of Champaran 
district and with a population of 17,646 in 1931, is picturesquely situated on both 
aides of a lake, which at one time formed a psirt of the Gandak river. The town 
suffered severely during the earthquake and was isolated for iMSme time owing to 
the destruction of railway lines and bridges. Many houses collapsed. Faulting, 
fissuring and emission of sand from innumerable vents were very extensive, parti- 
cularly along tlje margin of the lake. Fissuring was pronounced on the polo 
ground. Most of the wells were sanded. Around the lake, subsidence took place by 
step faulting, one fault dropping the ground ten feet on the lakewaid side. A 
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marked north-south fault zone which ran across the road near the Bank of Bihar, 
had a downthrow of three feet six inches to the west and was 30 feet wide but filled 
with sand. Houses in the proximity of this fault were bodily tilted. The Zdla 
school and the hospital were severely cracked ; at the hospital sand emerged through 
the floors which were arched into domes, and the roof partially fell. The north 
compound wall of the jail fell ^d parts of the main block were badly cracked. The 
Collector’s house, an old building, was completely wrecked. Damage to buildings 
at Motihaii was largely due to settling of the foundations. The town is included 
in the Slump Belt. According to Mr. Fergusson, Superintendent of Police, the 
earth movements wore definitely east-west. He also refers to distinct thuds which 
he felt whilst sitting on the ground during the shock. 

The foundations of the Court building gave way completely and the cement 
floors were broken up. Walls wore severely fractured and sank as much as one 
foot relative to the floors. In places the lateral movements of the floors appeared 
to have been as much as three inches as indicated by cracks. The foundations 
of the Executive Engineer’s bungalow gave way and the walls sank relatively to 
the verandah. At the Planter’s Club, pillars were sheared by outward thrust of 
the roof towards N. 25° E. The club compound was flooded with sand. The Bank 
of Bihar was completely wrecked. The piUars of the verandah of the Zilla school 
were sheared by the thrust of the roof towards the south west. The top of the spire 
of a temple in the bazaar fell in the direction S. 50^ W. The Motihari Factory is a 
brick building without a steel frame and the walls collapsed. The steel girders 
su})iK)rtmg the rust tanks bent over towards the north. The steel chimney did not 
collapse. The rails m the factory siding were badly twisted and the sleepers moved 
northwards about ten inches. Telegraph poles fell northwards. The well in the 
factory was filled with sand. 

tiagauli (26° 46' : 84° 45 ). This village is nearly midway between Motihari 
and Bettiah, on the road to Nepal, and is on the north-western edge of the Slump 
Bolt. There was hero much Assuring and emission of sand. Tht- water began to 
come up after the shock had subsided and continued to flow for three hours. Soii^ 
of the houses in the village partially collapsed and most of them were badly cracked. 
In the sugar factory cracks occurred in the reinforced concrete foundations, which 
sank about three inches. The walls of the factory were badly damaged. 

Oobindganj . — At this small village, about 19 miles south-west of Motihari, cracks 
wore rare and the fields only slightly affected. 

Sangrampur . — In this small hamlet on the Gandak river, about three miles 
south-east of Gobindganj, the houses were slightly cracked but much sand and water 
were ejected. 

Kesariya (26° 21' : 84° 63'). — This village is in the extreme south of Champaran 
district. The village was severely shaken ; a wood pile bridge was distorted verti- 
cally in the form of an arch and the ends driven bodily south for about nine feet 
over the roadway. 

Pipra (26° 30' : 86° 00'). — Close to the railway station on the B. & N. W. Rail- 
way, 13 miles S. S. E. of Motihari, is an old disused factory in which the pilleos fell 
in a direction E. 16° N. One of them, 7j feet by 2J feet by 2i feet, gave an 
acceleration figure of 2,943 mm. per second per second. 

Mirpur , — In this small village, about 6 miles west of Dhaka on the road to 
Motihari, many houses collapsed. 
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Bamchakia (26® 24' : 86° 03') near Chahia . — In recent years a large sugar works 
has been established at this village in the Champaran district. The land around 
the Barfiichakia Sugar Factory was not badly fissured but the building was very 
severely cracked. Three thousand cubic feet of sand came up through the 
foundations of one part of the building. The foundations, mode of brick and 
cement, were not broken but moved as a single unit. Fourteen cast iron columns 
in the centre of the building cracked horizontally as a result of the inertia of the 
overlying wrought iron structures, which stood undamaged. The walls of the 
factory are of brick set in lime mortar. The east- west wall of the factory fell south 
and the north-south wall fell west. An E.N.E. — W.S.W. wall fell partly N. N. E. 
and partly S. S.W. Water in a large masonry tank swilled out to the north. The 
tall brick chimney of the factory fell W. N. W. Many of the bungalows here 
were scarcely affected. The movement was definitely recognised as east- west. 

In this area about t per cent, of the country was damaged by sand. 

Tetaria (26° 24' : 86° 12'). — This village is in Champaran district, between 
Motihari and Muzaffarpur, and is on the edge of a lake. The locality is in the 
Slump Belt, and sand vents and fissures were very numerous ; 26 per cent, of the 
high land and 76 per cent, of the low land was covered with sand to a depth of three 
feet, and an average of 18 inches to two feet. In one place hard idods of dry silt 12 
inches across were thrown out of the vents. Movements in this village were definitely 
oast-west. The house of a sugar planter, Mr. Crane, on the east bank of the lake, 
subsided towards the lake and was completely ruined. 

Muzaffarpur district. 

Muzaffarpur (26° 07' : 85° 24'). — This comparatively modern town, founded m 
the 18th century by Muzaffar Khan, is situated on the south bank of th(‘ Burhi 
Gandak and had a population of 42,812 during the 1931 census. The main town 
is on high ground along the southern side of two large lakes, Sikandiapur lake and 
Akharaghat lake, which are cut off meanders of the Burhi Gandak. The bazaar, 
the most thickly populated portion of the town, was situated on the south side 
of the Akharaghat lake. Some- of t he finest houses in the station were built close 
to Sika ndrapur lake to the north of which is a fine rnaidan, a portion of which 
formed the polo ground. The principal thoroughfares run east and west. 

The greater part of the town, north of the railway station, suffered very severely. 
The damage in the Purana Bazaar and its vicinity was appalling and widespread ; 
the majority of the buildings collapsed either totally or partially. The buildings 
were mostly old and defective two-storey structures built of poor materials. 
The case was similar in the Kalyani area, Islampur Koad, Kedar Nath Road and 
Narwai Bazaar. In Marwari Mahalla and Motijhil the damage was no less severe 
but a number of well-built pucca buildings survived the shook. Many buildings 
might have escajwd if they had not been dissected by ground fissures. Here and 
there several pwxa buildings escaped unscathed, the most noteworthy being the 
office and residence of the Inspector of Schools and the Apurva Nivas. The worst 
affected quarters were Sikandrapur, Ohanwara (west and south of the Burhi 
Gandak respectively), Purana Bazaar, Marwari Mahalla and Motijhil. In 
these areas buildings were damaged by slumping and fissuring of the ground and 
by shaking. Fissures, from which fine grey sand <uid water were discharged, were 
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more or less restricted to a narrow zone west and south of the Burhi Gandak, be- 
tween Sikandrapur and Chandwara, but wore also present in the heart of the city. 
Most government buildings north of the railway station fared badly, some of them 
partially collaj)sed. Amongst the few buildings which withstood the shook wore 
the Government Records Room (a well built one-storey building), the newly built 
Criminal Court, and the Town Hall. Immediately south of the Burhi Gandak, 
most of the heavy-roofed buildings situated on an east-west tract of land, either 
collapsed or were severely damag(‘d ; such buildings included the Darbhanga Raja’s 
Juran Chapra Hall, the District Judge’s bungalow, the European Club, Tejpat’s 
house on Sikandrapur Road, the Kalikothi, the Collector’s bungalow, Mr. Mahta’s 
house at Chandwara and the District Jail. Hero the main damage was due to slump- 
ing and fissuring of the ground. In several cases the sites wore rendered useless 
for the erection of new heavy buildings. However, several one-storey structures 
with light roofs here, including the Post and Telegraph Office, escaped. 

South of the railway station moat of the one-storey 'pucm b\iildings were saved, 
such as the English Church, the Dejmty Inspector General’s residence, and the 
new Circuit House. The railway station was practically undamaged as also were 
some of the railway quarters and the buildings of the Public Works Department. 
No fissures of any magnitude were noticeable here. 

The polo groimd at Sikandrapur was intersected by parallel fissures striking 
approximately east and west. The fissures varied from a few inches to one foot 
in width. Nothing was ejected from them and none were very deep. The ground 
was faulted, with downthrow towards the lake to the south. Fissures in the com- 
pound of Darbhanga Raja’s house, east of the polo ground, from which sand and 
water was ejected, ruined the entire building. From the fissures in Chandwara 
much sand and water emerged and the fissures were variably aligned from 
W. N. W. — E. S. E. to north-west and south-east. The fissures at Motijhil ran in a 
N. N. W. — S. S. E. direction, were one to two feet in width and ejecteii much 
sand and water. 

Most of the wells at Muzaffarpur were choked with fine sand ; tanks which were 
dry before the earthquake were filled with water wliich flowed in from the surround- 
ing land, while others became shallower as their beds were filled w ith ejected sand 
and silt. The general water level appeared to have been very slightly affected. 

As regards the time of incidence of the shock the most reliable information 
was supplied by the clock of the local telegraph office. The clock which faced west 
stopped at 14.15 hours (I. S. T.). The concensus of opinion at the post office was 
that the time of arrival of the first shock was between 14.13-14.16 hours (I. S. T.). 
The first shock was a tremor, which increased in violence, attained a maximum 
and died out abruptly. The duration of the quake was three minutes. The shock 
was heralded by a loud rumbling noise, which persisted during the quake. 

The damage suffered by some of the principal buildings may be described : 

All the arches in the portico in front of the Commissioner’s Court were cracked. 
The western and eastern wall of the main running north-south were cracked, 
as also were the walls in the other rooms. Only a few minor cracks appeared in 
the Criminal Court, a one-storey puem building, about 2 years old. One of the 
few buildings to escape undamaged was the Records Room, a well-built, fairly 
t€dl one-storey pucca building with numerous supporting columns, in which old 
government reoords are kept. The Civil Court buildings consist of a row of 
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one-»toTey pueea buildings aligned north-south ; the walls on the north and south 
sides came down. A lai^ge jicua tree in front of the Civil Court compound was 
reported to have swayed to and fro in a direction N. 20° E.-8. 20® W. The two 
blocks of the Civil Court, one-storey pucca buildings, largely collapsed. In 
the Colleotorate, a one-storey pucca building, parts of the roof collapsed, the walls 
were cracked and somewhat displaced laterally. The roof of the Account Office 
collapsed. Portions of the roof and walls of the Imperial Bank collapsed and some 
of the east- west walls were leaning towards the south. The District Judge’s bun- 
galow ooUapsed completely, and the Collector’s bungalow was badly wrecked and 
had to be pulled down. The Telegraph Office, an old building with roof of gal- 
vanised sheet iron, did not suffer much damage. The Poet Office, a one-storey hUcha- 
pucca building, partly collapsed. At the District Jail part of the north boundary 
wall and the whole of the south boundary wall (360 feet long, 12 feet high and 20 
inches wide) collapsed. The eastern and western boundary walls showed a hori- 
zontal displacement of two to three inches. Most of the wards were severely crack- 
ed ; No. 5 Ward and the jail hospital collapsed completely, but the female 
ward was undamaged and the jailor’s quarters only slightly cracked. All the ob- 
jects in the manufacturing godown were overturned towards the south ; the general 
direction of movement appears to have been north-south. During the quake the 
level of water in a large tank north of the jail rose to a height of throe feet, and fishes 
wore thrown up and down. A well on tlfo north-western comer of the outer jail 
compound throw out sand and water and was filled with sand. Mohamad Ayub, 
the jailor, thought that the shock was in a north-south direction and that the time 
was between 14,10-14.16 hours and lasted for about five minutes. He compared 
the noise before and during the shook with that of a motor engine. 

A zone of fissures, striking N.N.W. — S.S.E. passed through Sri Narayan 
Mahtha’s two-storey kutcha-pucca house, Chandwara. The south-eastern 
portion of the building collapsed and the remainder, although standing, 
was badly shattered. A one-storey kitchen at the back of the house sank about 
two feet and a cook’s stove disappeared in the fault zone. At this place water 
spouted to a height of eight feet from some vents and some Paludina and charcoal 
were also thrown out. The western north-south boundary wall was split by the 
fault and showed a vertical displacement of two feet six inches on the oast side. 
The compound was flooded vith sand and water thrown out from vents which 
followed the fault zone. The garden in front of the house was dissected by a zone 
of irregular subsidence with a cumulative downthrow towards the north-east of 
six to nine inches. On the road in front of the house, one of the fissures was 23 
feet wide. In a dry nala to the east of Sondhi Bhavan, which was badly shattered, 
many sand vents were formed and the largest, an elliptical crater, was 26 feet long 
and ten feet wide. A chimney on the N. N. W. comer of the Water Works 
fell N. 16° K. The inside supporting pillars of the water tower fell N. 6° E. 
The banks of the river, immediately to the north of the works, were faulted 
longitudinally, the amount of throw being ten feet. Syed Muhamad Vakil’s house 
collapsed. According to local legend two cyclists disappeared into a four foot 
wide fissure which ran along the road in front of the house. The southern and 
eastern wings of KaUkothi, a one-storey puaca building south of the lake, col- 
lapsed. About 200 yards south-west of the main building ejected sand and water 
rose to a height of four to five feet and knocked down a lad. The spire on the top of 
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ihe Olooktower in Purana Bazaar fell south and the clock fell to the N. 10®E. Apnrva 
Nivas, a newly built, two-storey pttcca structure escaped with minor cracks. The 
Juran Chapra Hall (property of Dharbhanga Raj), an oldpucca building, collapsed 
completely. The European Club, situated on the southern edge of the lake, was 
a kutcha-pucca structure containing a large central hall with a galvanised sheet 
iron roof, and it partially collapsed. Tejpat’s house, on Sikandrapur Road, is a 
massive newly built, two-storey, pucca building in three separate blocks connected 
by overbridges built on arches. The house had a verandah on its west which was 
supported on pillars. The arches of the overbridges opened, isolating the three 
blocks of buildings from each other. The northern and southern blocks were tra- 
versed by a wide east-west crack. The central block sank bodily about one foot. 
Darbhanga House, Sikandrapur, an old fashioned one-storey, pu^ca building was 
damaged partly by shaking but more particularly by ground fissures, which were 
hero extensive. One of them was 300 yards long and six to eight feet wide in places 
and ejected sand and water. Where they had not collapsed the walls had gaping 
cracks in them. The main portico on the west collapsed and one of the masonry 
pillars fell towards W. 16° S. The flagstaff was tilted in a westerly direction. 
The pillars of the east-west verandah on the south were inclined either eastwards 
or westwards. At the .Tackson Memorial Methodist Episcopal Church, one of the 
two gate pillars fell N. 22°-23° E. and^a cross, on the portico in front of the church, 
fell W. 12° N. The probable distance of projection was seven feet. The roof of 
the Roman Catholic Church collapsed and the bell was flung from the belfry a 
distance of 15 feet a height of 20-26 feet in a direction N. 00° E. The Church of 
England was damaged by cracking and collapse of some ornamentations. 

Mudhari (26° 06' : 86° 27').— At this place, six to seven miles east of Muza- 
ffaipur, there is a sugarcane research station, situated on higher ground adjewjont 
to an old ox-bow of the Burhi Gandak river. A masonry irrigation channel run- 
ning north-south was buckled up and down, the distance between the crests being 
240 feet. The sugarcane crops were covered with thick deposits of fine micaceous 
sand to a depth of 1^ to two feet. Mr. Cliff of the research station was of the opi- 
nion that the sand was shallow in origin and came from a depth of less than 100 
feet. One corner of the field slumped as much as four feet, due, probably, to the 
emission of sand from vents. There was no indication of any lateral shift or slip 
into the old ox- bow, since the fence between the field and the banks of the ox- bow 
did not move laterally. On the western aide of an embankment distinct hummocks 
appeared in the ground. 

The country on both sides of the road to Mushari was dotted with sand vents, 
fine micaceous and carbonaceous sands filling the nalaa on both sides to a depth 
of three feet or more. 

Sheohar {Shiuhar) (26° 31' : 86° 18'). — ^This village, situated in the south- 
west of the Sitamorhi subdivision and three miles north of the Baghmati, was badly 
affected and comes within the Slump Belt. The Raja’s palace collapsed. Mud 
huts, although standing, were heavily cracked. Pillars (12 feet 11 inches by 3 feet 
1) inches) at the end of the bridge over the Itakhandai fell to the south and north. 

Belsand (26° 27' : 86° 24'). — This large village, situated on the east bank 
of the Old Baghmati about 27 miles north of Muzaffarpur, was badly shaken by 
the earthquake and is in the heart of the Slump Belt. Mr. Dobson’s bungalow 
completely collapsed and slumped. The village was overrun by extensive fissures 
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and much sand and water emerged. It was reported that the water had a tern 
perature of a hot bath. In a neighbouring village, Atri, many mud huts col- 
lapsed. 

Motipur (26° 18' : 85° 12'). — This village, about 16 miles north-west of Muza- 
ffarpur, owes its importance to an adjacent large sugar factory. The majority of 
structures at Motipur appeared to have fallen north and south. The new sugar 
works was not badly damaged and continued working after the earthquake. The 
mill foundations sank uniformly and not imequally, a total sinking of 16 mm. taking 
place. The roofs are of light galvanised sheets supported on brick walls. The 
N. N. E. — S. S. W. walls were badly cracked and the E. S. E. — W. N. W. wails 
fell towards N. N. E. The cross plates in the roof girders were bent. Many cracks 
developed later, on the night of 19/20th January. A 160 feet high steel chimney 
remained intact. The old sugar works collapsed. The bungalow was badly 
damaged. 

Fissures ran all along the road, mainly striking north-west ; sand vents were 
numerous and the ejected material varied from grey micaceous sand to fine silt. 
The railway linos and the bridge were severely damaged. North of Motipur, the 
northern end of a bridge was squeezed, pushing the arch upwards. 


Darbhanga'district. 

Darbhanga (26° 08' : 86° 54'). — This large town, with a population of 60,676 in 
1931, stretches for five or six miles along the bank of the Kamla Nala in a north- 
south direction. The principal buildings form the residence of the Maharajah of 
Darbhanga. 

The town was severely shaken by the earthquake but the damage was less than 
at Muzaffarpur and the destruction of buildings was not so wholesale. A very 
large number of buildmgs, particularly in the heart of the town, collapsed or wore 
badly damaged. Quite an appreciable number of kutcha-pucca and pucca houses 
survived the shock remarkably well. In general, walls running from oast to west 
fell and those ahgnod north to south were cracked, but m several instances the 
reverse was the case. The buildings belonging to the Maharaja of Darbhanga 
fared badly. The Nargaona palace was so badly damaged that it hod to be pulled 
down ; the Lachmiswar palace, Anandbagh, escaped with a few cracks in the walls 
and floors, but the clock tower of the palace was badly cracked and had to bo dis- 
mantled ; the damage done to the Rambagh palace, although extensive, was not 
severe, but the Treasury Building which adjoined it to the south was severely a5- 
ected. Fissures were practically absent from the town itself but the polo ground 
was affected as also the compounds of tho office buildings of the Darbhanga Raj ; 
these buildings wore affected by ground fissures in the same way as in Muzaffarpur. 
The worst affected area in Darbhanga town was Katki Bazaar ; the locality was 
densely packed with two-storey kiUcha-pucca and ktUcha buildings which were al- 
most razed to the ground, and few buildings escaped. In the Bari BazEwir area the 
devastation was not so extensive but a larger number of buildings suffered from 
the shock ; several two-storey buildings were but slightly damaged, and a few 
escaped entirely. Although the Kamla flows immediately to the west of Bari Bazar 
it is remarkable that the site was undisturbed by any fissures. Details of the 
damage to some of the principal buildings ore given : 
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The Bambagh Palace consists of a group of one-storey buildings separated 
from each another by rectangular courtyards ; the length of the entire building 
is aligned N. lO'^E. In general the palace buildings \\ere affected only by occa- 
sional cracks, which were mostly in the southern walls of the main group of build- 
ings. Some old cracks in the roof were re-opened hut none of them were serious. 

A number of small turrets on the eastern parapet of the main building fell, mostly 
in a southerly direction. A turret on the western side fell towards W. .‘15°N. 
At the southern extremity of the palace a large brick dome was flung from the para- 
pet, about 30 feet above ground level, to a distance of 12-16 feet in a directiem S. 
8° W. On the northern side the turrets fell in a direction N. 5“ E. The east- 
west boundary wall fell partly towards the north and partly south. A well in the 
western compound was choked with sand and fine sand was ejected from several 
narrow fissures in the compound on the south-western side of the building. The 
old Treasury, situated at the extreme south of the Rambagh Palace, was heavily 
damaged ; the building extended east-west. The roof collapsed, and for the most 
part the east-west walls fell southw^ards and the north-south walls were heavily 
cracked. Portions of th(‘ east-west boundary walls on the southern side fell either 
north or south and the north-south boundar 3 ^ walls were cracked. The central 
Iculcha-pucca part of the Nargaona Palac<>, whi( h consisted of several two and three- 
storey buildings, totally collapsed but the newer j)U((a buildings escaped with 
minor damage. Observers stated that the main building swayed in a north-south 
direction before the roof and the floors collapsed. A fissure, striking E. S. E., from 
which sand and water were ejected, eut across the building. At the Lachmiswar Bilas 
Palace, Anandbagh, a well-budt, two-storey pwero building elongated north-south, the 
flock tower on the eastern side w^as heavjl\ cracked and had to be dismantled. The 
clock stopped at 14.13 hours (T. S. T.). The palace is situated between two large 
tanks on its cast and west. The comjiound between the palace building and the 
tank on the east w^as eovered witli a little sand ejected from vents and fissures. Tn 
the dvrhar hall the north-south walls were undamaged but the cast -west walls 
OiUd the rooms adjoining to the south, were badly cracked by narn^w ground fis- 
sures which travelled up the walls and acr<j8s the ceilings. The north-south cor- 
ridor on the east was daiuagi'd similarly. With the exception of these cracks the 
entire building withstood the sheuk remaikahly well. The central pyramidal 
tower of the Kali tiunplc wtis sheared at the base by a diagonal thrust acting from 
the north, and the entire pyramid was pushed slightly to the south. The turret 
on the north-eastern corner of the roof fell in a south-westerly direction, th.it on 
the south-eastern corner fell 8. KPW. In the one-stort*v kvtrha-pucx'a buildings 
of the Government Zilla Sc-hool the north-south w^alls were severely cracked the 
cast west walls only 8 lightl 3 \ Portions of the buildings collapseil, and roof arches 
were cracked. The Darbhaiiga Medical School was damaged more considerably 
on the south-eastern side. The E. S. E. — W. N. W. walla w^ere damaged more 
considerably. The high Avails of the Post Office, a one-storoy, kutcha building, 
were cracked and there was partial collapse. The Post Office el(x;k stopped at 
14.17 hours (I. S. T.) and the postmaster was of the opinion that the shock came 
from the north-west. The Railway Station buildings had only minor cracks and 
a fissure ran north-south parallel to the platform. 

Laheria Serai (26° 06' : 85° 54')- — This comparatively newly-built town, the head- 
(juarters of Barbhanga district, is situated immediately south of Darbhanga town. 
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Damage was considerable, more particularly in two-storey structures ; even such 
a well built structure such as the Civil Court could not withstand the shook. A 
large number of buildings in the bazaar area suffered, both on account of the 
shaking as well as by ground fissures. The road levels changed in pljwjes and 
sand was ejected from many of the fissures. Some of the affected structures may 
be described : 

The Colleotorate building is a one-storey pucca structure with verandahs on 
all sides, the offices of the Imperial Bank of India and the S. D. O.’s ijlaa being 
located also in the southern block. Cracks developed in most of the walls. An east- 
west crack affected the north-south walls just north of the Collector’s ijlas caus- 
ing the junction between the roof and the east-west wall on the northern side of 
the Collector’s room to cleave and the wall to lean towards the south, the horizonted 
shift being about three feet. The eastern portion of the northern block was more 
damaged than the western side. There were small collapses from the roof. Sand 
and water were ejected from fissures and small vents on the western side of the 
court compound. The Civil Court buildmg was a well-built two-storey pucca struc- 
ture aligned east- west and with two wings on its eastern and western sides. The 
main portico on the northern side was badly cracked and hod to be demolished. 
The first floor of the building was badly damaged. In the eastern wing part of 
the north-eastern comer crashed and fell towards the east and the roofs of both 
the ground and first floors collapsed bringing down with them one of the east-west 
walls ; portion of the roof m the central portion of the first floor collapsed ; the east- 
west walls showed evidence of horizontal shear. The jack-arched roofs of the 
western wing were badly cracked in an oast-west direction. Both verandahs on 
the north and south collapsed and fell outwards, damaging the east- west walls. 
The ground floor of the budding was also severely affected. The Town Hall is 
a one-storey pucca building aligned in the direction E 10° S. The walls were 
cracked and portion of the roof on the western side was heavily damaged and had 
to be dismantled. Direction of movement in this building was along its short 
axis (i.e., north-south). The main hospital building was so damaged that it was 
dismantled, and some of the wards were almost equally affected. Several fissures 
traversed the compound. At the District Jail a portion of the east-west 
boundary wall, 15 feet high, oh the north, collapsed and fell south and over 
three-fourths of the east-west wall on the south collapsed and fell north. Both 
the north-south walls showed numerous vertical cracks. Cracks appeared in most 
of the buildings, the north-south walls being affected more than the east-west. 
Some of the cracks were several mches wide, and extended from the ground. 
The entire upper storey of a two-storey pucca building which belonged to the 
late Mr. Aditya Ch. Bose collapsed. Both the east-west walls fell for the 
most part towards south. The hutcha-pucca house of Mr. Monoranjan Sinha, 
Deputy Magistrate, which has a light thatched roof, was affected only by minor 
cracks, mainly in the north-south walls. The first floor of the two-storey house 
belongmg to Babu Manick Chand, late Treasurer, Government Treasury, in 
Bengali tola totally collapsed. On the ground floor the north-south walls were 
heavily cracked, the east-west walls only slightly. In the quarters of Mr. 
Mohammed Sadiq, Deputy Magistrate, a one-storey hutcha-pucca building ali- 
gned N. 10° W., the north-south walls wore cracked by shaking while the east- 
west walls were fyactifred by slight sinking at the eastern and western ends of thp 
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houBe. NmnerouB Bond ventB oooupied the compound and the well was choked 
with sand. In the bazaar almost all the buildings either tumbled down or were 
badly affected. The damage was aggravated by heavy sanding and fissuring. 
In places the rocui level was raised. The direction of movement from fall of build- 
ings appeared to be mainly north-south. The railway station buildings were a 
little damaged by cracks. Sand was ejected on both sides of the platform and 
in patches in the vicinity. The east-west walls of a goods shed, aligned north- 
south, collapsed. The east-west walls of several houses close to the station col- 
lapsed. There were definite indications of north-south movement in the vicinity 
of the railway station. 

8alcri (26° 12' ; 86° 06'). — ^This small village, 12 miles E. N. E. of Darbhanga, is 
just outside of isoseismal X, but the ravages of the earthquake were not so im- 
pressive as at Laheria Serai or Darbhanga. There are here no two-storey heavy 
buildings and very few of the one -storey pucru and hutcha-pucm houses collapsed 
in the sense of tumbling to the ground. However, cracking of those houses was 
severe in comparison with similar buildings elsewhere within isoseismal IX. Sand- 
ing at Sakri was noticeably absent although sand vents were seen in profusion on 
both sides of the road to Darbhanga outside of four miles from Sakri. Sand vents 
wore noticed occasionally up to three miles south of Sakri on the road to Bahera 
but beyond that such phenomena were rare. Within this stretch of the road, 
emission of sand was at its maximum near the village of Harpur. Here the sand 
extended over a distance of several hundred yards covering the land to a depth 
of a foot and half in places. The roads were slightly damaged here and there part- 
ly by subsidence. The masonry bridge at Sakri was damaged. Heavy outburst 
of sand was noticed a couple of miles east of Sakri on both sides of the railway and 
the railway embankment subsided unevenly. Beyond half-a-mile north of Sakri 
and up to Lohat, omission of a fine grey sand was frequent, attaining in places a 
depth of nearly two feet. Some of the damaged buddings at Sakri are described 
below : 

In the one-storey p^icca built Dak Bungalow, aligned north-south, the lower 
pait of the nothem walls* cracked as a result of north-south ground fissures. The 
eastern and western walls were unaffected. The floor of the eastern verandah 
moved one inch to the east. Sand vents were ossiH-iated with north-westerly 
fissures to the west of the bungalow. The chowkidar of the bungalow felt the move- 
ment coming from the west and heard a roaring noise like that of a motor 
car. He was unable to stand during the movement. An unfinished building 
close by also showed similar evidence of movement in an east-west direction ; 
the central portion of the western verandah collapsed and all the pillars fell 
towards the west. The village school, a hat<:ha-pmca structure, was little 
damaged. In Abdul Wadood’s house, an old one-storey kutcha-pucca building 
built around a central courtyard, the north-south walls were cracked, and the 
roof of a room in the north-western comer of the house collapsed. Portions of 
the east-west parapet at one side of the building fell either to the north or 
south. The village mosque was not damaged except for a few fine cracks on the 
central dome. Of the four turrets that on the south-western comer fell towards 
S. 60° W., and the one at the south-eastern corner fell towards the north-west. 
Pine cracks were present in the paved court of the mosque compound. Most 
people agreed that the shock oa>me from a north-westerly direction. The 
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minarets of another mosque on the Sa^-Jhanjharpur Road fell but the mosque 
itself was not damaged. 

Lohat (26° 17' : 86° 08'). — The approach to Lohat was marked by fissures 
and large sand vents. A large number of houses were cracked badly but very few 
of them collapsed. Some of the bungalows of the Indian employees of the Lohat 
Sugar Factory were damaged by fissures. At the factory the east- west boundary 
walls fell both north and south but the north-south walls were standing. The 
steel chimney was not damaged. The east- west walls of the manager’s office were 
more severely cracked than the north-south. In one room a north-south wall 
was inclined eastwards and was separated from the roof by about two inches. The 
southern wall in this room was heavily cracked. The eastern portion of this build- 
ing sank about three inches and the floor in the same room was cracked in a north- 
south direction parallel to the joints of the patent stone slabs. Bottles on a rack 
fixed to the western wall in the laboratory fell westwards but none of those on a 
similar rack fixed to the eastern wall fell. Largo glass jars in this room fell south- 
wards. The floor of the power house was covered, to a depth of one foot, with 
fine grey sand, which emerged from sand vents on the north-western corner of the 
house. A crane supported on two joists running north-south rolled from north 
to south at the commencement of the shock and remained stationary at the ex- 
treme southern end. The floor of the mill house was tilted to the north-west, sub- 
sidmg nine inches at the north-west end. The floor of the power house sank 
slightly. The eastern and the western walls of the store room (N. 20°E. — S. 20°W.) 
also were more cracked than the other walls. Portion of the floor sank and was 
covered with sand about two feet deep. The east- west walls of the godown shed 
collapsed and fell both north and south. Inside the factory a large syrup tank 
(10 feet by 6 feet), made of steel, rotated in an anticlockwise direction and the 
western comer shifted southwards from its former position by 30 inches. In the 
factory compound the water level rose ; a trial pit was dug in the compound soon 
after the earthquake and water was encountered at a depth of 4^ feet and it stood 
at this level for several days. Later, however, the watei level subsided. The 
normal water level for that time of the year is at about siK feet below the surface. 

Pandaul (20° 16' : 80° 04'). — Sand vents and ejected sand were noticed in 
the cultivated fields on both sides of the road from Darbhanga to Pandaul. The 
masonry bridge at 2^ mile from Darbhanga was damaged. The village itself also 
showed signs of a severe shaking. The bungalow of the Manager of the Raj 
Estate suffered badly. The southern portion sank and leaned towards the south 
and the verandah on the eastern side leaned outwards. The western portion of 
the house also subsided. The roof of the central hall collapsed. The Manager 
reported that he felt the shock coming from the north and heard a heavy rumbling 
noise. The shock lasted from two to three minutes. The strike of fissures on 
the eastern side of the compound was E. S. E. — W. N. W. 

Puaa (26° 59' : 86° 40'). — This was the site of the Government of India, Imperial 
Agricultural College, with research laboratories, experimental cultivation farm 
and cattle-breeding farm, and is situated on the southern bank of the Burhi 
Gandak, near the western boundary of Darbhanga district. The estate covers 
an area of about 1^300 acres, of which some 800 acres were cultivated, the remain- 
der being occupied by roads, avenues, house sites, etc. 

The comparative isdlation of the place and the damage sustained by the build- 
ings led the Government of India to abandon the site after the earthquake and to 
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remove the institution to within easy reach of New Delhi. The grounds of the 
Pusa Estate were traversed by large fissures varying in direction from W. N. W. — 
E. S. E. to N. W. — S. E. The fissures were not very deep and the breadth varied 
from a few inches to one foot. At one or two places the directions was N. E. — 
S. W. The magnificent two-atoroy Institute building was destroyed by a set of 
parallel fissures running the length of the building. Its site, close to the southern 
bank of the Burhi Gandak, was unfortunate for this type of heavy structure. This 
building was perhaps the most costly single Government structure which was 
damaged by the earthquake. Cracks in the walls were more prominent on the 
northern or river side of the building. A number /)f bungalows within the estate 
were badly damaged ; those traversed by a line of fissures subsided, gaping cracks 
appeared in the walls and the floors cracked. Several buildings escaped with 
minor damage, especially on the southern side of the estate away from the river. 
Sand and water welled up quietly from fissures or wells at Pusa and not in the form 
of fountains as elsewhere. A description of the damage done to the more imi>ort- 
ant structures is given : 

The massive two-storey Institute building (including Phipp's laboratory), 
aligned in a direction E. 20°S., lies south of and within a stone's tlirow of the Burhi 
Gandak. The main building has two wings projecting south at right angles to 
its long axis, at the eastern and western ends. A huge central dome, above the 
main staircase, is supported on pillars, arches and walls of sandstone, and is sur- 
rounded by four smaller domes. Two solid brick towers surmounted by domes 
occupy the centre of the terraces of the w’ings on the enstern and westc'rn sides. 
The entire building was dislocated by five parafiel ground fissures which extended 
from the ground to the first floor, from one end of the building to the other, al- 
though they were more prominent on the eastern side and were more in evidence 
on the river (northern) side of the eastern wing and they diminished both south- 
wards and westwards. As a consequence of these cracks, some of which were 
several inches wide, several pillars of the eastern vnrnndah were inclined either 
towards the north or south. Some portions of the south-western corner of the 
southern verandah of the eastern wing fell towards the west and some towards the 
south, and the para{iet t,ogether with several pillars was tilfed towards the west. 
One of the longitudinal cracks displaced the northern i>ortion of the eastern wing 
from near its junction with the main wing and as a result jKirtion of the same 
wing sank about eight inches. The eastern wing was further damaged by a trans- 
verse crack which caused the south-western comer to tumble southwards. Por- 
tions of the roof both on the north-western and south-western comers of the east- 
ern wing also collapsed. The cement floors of the whole building and the marble 
floor of the central entrance hall were cracked, as also, of course, the partition walla. 
The north-western and south-western portions of the roof of the west wing col- 
lapsed, but the partition (north-south) walla wore not so severely cracked os in the 
east wing. In this wing also a narrow transverse crack caused collapse of the 
south-eastern comer. Portion of the south-western corner of the southern ver- 
andah of the western wing tumbled down part towards the west and part towards 
the east. Pillars on the balcony in this wdng were tilted towards the west. The 
main (E. S. E. — W. N. W.) walls of the main building were little damaged and none 
of the many glass windows were cracked or damaged by the movement. Natur- 
ally the cracks followed planes of weakness, such as the jimction of the slabs of 
patent stone forming the floor and also the sides or tops of the arches and 
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doorways. Portions of the concrete floor on the northern side of the eastern and 
the western wings were upheaved and the floors gave way near the joint planes 
through which some fine sand issued. 

In the rooms of the first floor many objects fell, the majority towards the north 
or south, but the direction may have been influenced by the manner in which the 
building was opened up by the east- west fissures. A few objects fell towards the 
west. The partition walls on the first floor, particularly in the eastern wing, were 
badly affected by gaping cracks. One of the partition walls in the western end of 
the building was displaced laterally, to the east at its north end and to the west 
at its south end. 

In general the roof of the main building was arched along an E. S. E. — W. N. W. 
axis. The old cemented cracks in the roof were opened up along the long axis but 
a few transverse cracks were also developed. In addition there were three longi- 
tudinal cracks on the roof. 

The compound of the Power House was covered with sand about a foot deep 
in places. Sand and water flowed from a well 30 feet deep and the well itself be- 
came choked with sand. The well was re-excavated and at the time of visit no 
water had been obtained down to a depth of 46 feet. The chimney at the Gas 
House was twisted clockwise to the extent of 16® and a 16 inch square masonry 
pillar 99 inches high broke off three inches from the base and fell in a N. N. E. direc- 
tion. Using West’s formula this gave an acceleration of 1,600 mm. per second 
per second. Firebricks from a pile fell due north. 

The Director’s (Dr. Macrae) bungalow escaped with minor damage to the walls. 
A wash basin full of water, standing against the northern wall of the bath room, 
splashed water in a direction S. 10° W. A tank spilled water both to the north and 
south. A fan in Dr. Macrae’s bed room oscillated north and south. 

No. 9 bungalow was the worst affected house on the estate. It was severely 
damaged by a large fissure about 200 yards long and two to three feet wide, and 
the strike of which was E. N. E. — W. S. W. Mr. Joseph’s bungalow was badly 
damaged. The north-west wall on the western side of the bungalow fell towards 
the west and the east-west wall towards the north. In the dining room two bot- 
tles of sauce were bodily thrown tq a distance of four feet in a westerly direction 
from the middle of the dining table. A crack over half a mile in length passed 
through the Tara (sick) animal shed and on to the polo ground, the ground sub- 
<-iding one foot to the south. 

' Durmg the shock the calves stampeded and ran towards the cattle shod. The 
milch cattle were let loose and were running excitedly in all directions. Next morn- 
ing there was a drop in the yield of milk. Other cattle showed signs of excitement. 
Several dogs were rushing about. 

Bahera (26° 05' : 86° 07'). — This village is situated about 20 miles south- 
east of Darbhanga. The damage to buildings here was not so great as at Dar- 
bhanga — mainly because it possessed no heavy structures — but it has been includ- 
ed within isoseismal IX. Almost all the houses here were cracked, even though the 
roofs were mostly Hght. Several pucca houses in the bazaar collapsed, killing two 
persons. Emission of sand was not extensive within the village ; few wells were 
choked but others were free. The police Sub-Inspector reported that the shook 
came from a N. N. W. direction at about 14.10 hours. The police station walls 
were cracked above doors and windows. At the Dak bungalow all tho walls of 
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the rooms were cracked but the east-west walls suffered the worst, and parts of 
the arches of the western verandah came down. The direction of movement ap- 
peared to be cast-west. The chowkidar said that the movement came from a north- 
westerly directiou. The north-south walls of a one-storey bungalow, south-west 
of the Dak bungalow, were more heavily cracked than the east-west walls. At 
the hospital, a one-storey kutcha-pucca building, the east-west walls were cracked 
more heavily than the north-south. The direction of movement in this building 
appears to have been east-west. Assistant Surgeon H. B. Ghosh reported that 
the hospital pendulum clock, which was hung on the western wall, stopped at 14.14 
hours. A wooden bracket fixed on an eastern wall fell towards the west. In 
the compounding room all the bottles in the almirahs standing against the western 
wall fell towards the east. The Assistant Surgeon heard a rumbling sound coming 
from tl e noith-wost but saw the building swaying in an east-west direction. In 
the Assistant Surgeon’s quarters it was the east-west walls that were affected the 
most. Cracking of the noith-aouth walls was entirely due to structural weakness. 
At the Benipur Indigo Factory, about a mile and a half east of Bahera, the masonry 
chimney swayed in a north-south direction and portions fell both to the north and 
south. The manager's bungalow was slightly damaged and the chimney fell to- 
wards the west. According to tbe manager’s wife the shock commenced at 14.10 
liours. 

Berhampur (26° 12' : 86° 06'). — In this village to the south of Sakri, the 
walls of a few kuicha-ptLCca and kuicha buildings fell, but a number of one-storey 
kvtcha-pucca buildings escaped damage. Some fissures and sand vents were notic- 
ed in the centre of the village. 

Daiialdha (26° 15': 86° 04'). — The bridge on the Kamla river near this village 
collapsed. The road and the surromiding cultivated land, especially dote to the 
village, were heavily damaged by fissures and sand vents. North of Daitalaha 
the sand deposits were grey and cream coloured and coarse in texture. Near the 
Kamla the fissures were parallel to the river lank. Some mud huts were badly 
damaged. 

Jaynagar (26° 35' : 86° 09'). — This village was badly damaged, and it is just out- 
side isoseismal X and at the edge of the Slump Belt. Some ICO people were killed. 
Buildings in the bazaar area eank and the flcois were cracked permitting sand to 
come through the floors. Sand was one foot deep in the dispensary compound. 
The dispensary and the doctor’s quarters slumped into the ground. Wells were 
filled with sand. Railway lines were badly twisted and buckled and some of the 
bridges collapsed. Additional cracks develop)ed in buildings by the later shock on 
the 26th of January 1934. 

Simra (26° 17': 86° 18').— Heavy ejectment of sand from vents was noticed 
on both sides of the road close to this village near Jhanjharpur. 

Phulparas (26°21' : 86°29'). — This small village in Madhubani subdivi- 
sion lies to the cast of Madhubani. The mud huts with lightly thatched roofs 
were undamaged, but half-a-dozen kutcha-pticca buildings were badly damaged. 
No fissures or sand vents occurred in the village, although sanding was abundant 
a few miles to the north and south. Some of the wells in the village were choked 
with sand. Most of the villagers agreed that the shock came from a north to 
N.N,W. direction sometime between 14*10-14*16 hours. A rumbling noise, like 
that of a motor oar, was heard during the shock. 
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The Oak bungalow sustained slight crocks. The north south walls of the 
Spirit Warehouse, a kutcha-pucxa building, were badly cracked, but the east-west 
walls were not much affected. The office building to the east of the warehouse 
collapsed completely. The Registry Office, a one-storey kutcha-pucca building, 
partially collapsed. The eastern verandah was the first to collapse. The greater 
part of the Sub-Registrar’s quarters, a one-storey pucca building, was razed to 
the ground, only a portion of the room at the south-oastem comer of the house 
was left standing. In the northern compound narrow fissures rnn east- west, 
about an ipch wide. I’he south-eastern portion of Ramjiwan Dube’s one-storey 
kutcha-pucca house collapsed. The western wall was loaning towards the east 
and the south-western comer fell. Portion of the south-eastern comer of the 
eastern wall also collapsed. A two-storey kutcha-pucca building near by collapsed 
altogether. 

Pipra Qhat . — Ejectment of sand was moderate here. 

Chanaura^anj \1' 86° 19'). — A largo number of huts in this village 
w(iro damaged and about half-a-dozen totally collapsed, ^he crops in the sur- 
rounding lowlands were damaged by omission of sand from vents. 

Sarso Pahi (2(>" 15': 86’ 09'). (Collapse wjis confined mainly to a few old 
kuicka-pucca buildings. Most of the newly-built buildings showed little sign of 
damage. 


Bhagalpur district. 

Supaul (26° 06' : 86° 36'). — ^This town is the headquarters of the subdivision 
of the same name in Bhagalpur district. It is on the northern edge of the Slump 
Belt but the damage was by no means as severe as in towns to the west. Both 
subsidence and shaking were responsible for the destmetion of buildings in Supaul. 
Government buildings were the most severely affected, but the majority of these 
could be repaired. In the bazaar several kutcha-pucca houses partly collapsed 
and all wore badly cracked. Ground fissures caused fracturing of the walls of 
some buildings. An abandoned brick sugar mill two miles east of the town par- 
tially collapsed; the top of the chimney (free to move equally in any direction) 
fell to the west. The dominating ground tremors were definitely east and west. 
Roads both in the town and subdivision were fissured. Embankments sank and 
sand vents were formed, more particularly along the District Board road south 
of Supaul. 

Emission of sand was not heavy in the town. The water level in wells rose 
slightly after the earthquake. Although most people were of the opinioj^ that 
the shock acted in a N. W. — S. E. direction, the direction of fall of objects was 
mostly towards the west. At the Railway Station fissures ran north-south along 
the platform, and the station building was cracked over the arches. 

The eastern verandah of the S. D. O.’s quarters, a one-storey pucm building, 
collapsed completely and the bungalow was badly fractured. The Subdivisional 
Officer, who came out of the court at the commencement of the shock, remarked 
that the ground first moved up and down and this was followed by ripples moving 
from north-west to south-east and finally by a violent shaking in all directions. 
The walls and floors gf the Criminal Court, a one -storey pucca building, were 
cracked and there was unequal subsidence. The sinking continued for many 
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days after the earthquake, doors which could be opened at first became jammed 
later. Verandah pillars leaned outwards. The Bar Library was completely 
ruined. The Registration Ofl&ce, a one-storey pucca building, sank and was 
tilted towards the east and the long east- west waUs were badly cracked. Several 
ground cracks running in a general N. E. — S. W. direction traversed the com- 
pound south of the building. One of the worst affected buildings in Supaul was 
Williams H. E. School, a one-storey building partly piicca and partly kutcha- 
pucca and through which ground cracks passed from east to west. The walls, 
floors and the roofs of the side rooms were split open. There were about ten such 
cracks varying in width from J-inch to as much as three inches. In general the 
east- west walls were less damaged than the north-south. Some of the cracks 
affected the well in the western compound. It was stated that sand at first gushed 
out to a height of four or five feet and was followed by a column of water of the 
same height. The sand emerged just as the main shock diminished and the water 
almost at the end of the whole shock. Fissures in the compound ran E. N. E. — 
W. N, W. and N. E. — S. W., the ground partly subsiding. The Headmaster of 
the school thought that the shock commenced at 14*10 hours, from the north- 
west, and was preceded by a loud rumbling noise and tremors. As he was stand- 
ing in the compound he noticed distinct surface waves the length of which, he 
thought, was between 25-30 inches from crest to crest. The movement was lateral 
as well as vortical and he had difficulty in standing. The church walls were 
cracked by east-west ground fissures and the building sank a little on the northern 
side. The western wall leaned towards the west and the eastern towards the 
east. The J^ak bungalow was affected by a few slight cracks. At ihe Co-opera- 
tive Bank, a one-storey pucca structure built in 1925, all the walls had horizontal 
as well as inchned cracks. The building sank near the centre and was tilted 
towards the north. Fi88ui*e8 ^ to J-inch wide and striking N. lO^E. were present 
both on the eastern and the western sides of the building, but no sand was ejected 
here although sand emerged from fissures further east. I’ho walls of the Public 
Library were cracked and the floors raised in places. The Welsh Mission Hos- 
pital, a one-storey pucca building, was somewhat damaged by cracks on the walls. 
An abandoned brick sugar mill near Supaul collapsed. {St'veral walls, one 7 feet 
6 inches high and 14 inches wide, collapsed to the cast, but others fell to the west. 
Most of the east-west walls were standing. The tall, heavy brick chinmey shook 
in an east-west direction, and the top portion fell to the west and the northern 
and southern sides were cracked. The river bank in the vicinity was badly fis- 
sured. In the bazaar some walls fell, some west, some north. 

At No. 14 railway bridge, north of Supaul, a girder structure of three spans* 
ahgned north-south, all the piers were cracked and were tilted towards the west. 
The fixed south end of each girder pulled the bed plates northwards as much as 
four inches to six inches, and in addition one was shifted J-inch to the west. The 
girders and the rails were bent sideways towards the west on accoimt of the tilt 
of the piers. The upper portion of the northern abutment pillar separated from 
the lower half and was heaved about one foot towards the north. 

Nauhatta (26° 00' : 86° 05'). — ^This village, about seven miles W. N. W. of Panch- 
gaohia R. S., was very badly damaged. Out of the 15-20 pucca houses that the 
village possessed, four or five collapsed. The ground was fissured and much sand 
was ejected. Murli and Lirajpur villages were similarly affected. 
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Panchgachia (26® 00' : 86° 06'). — ^This village, in thana Bangaon, is situated 
on the District Board road from Bhaptiahi to Bulhi. It is about two miles west 
of the railway station and about 18 miles west of Madhipura. A large number 
of pucca houses, all very old buildings and a number of them with two- and three- 
storeys, collapsed. The new pucca buildings were badly cracked but did not 
collapse. Some large pucca bungalows collapsed, although not to the gibund. 
The number of collapsed houses was about 40-60. About 26 per cent, of the land 
was covered rather thinly by sand. The ground was fissured and sand and water 
issued from the vents. 

The District Board road between Panchgachia and Supaul was badly affected. 
Sand vents and fissures in profusion were a common feature of the country side 
from Panchgachia to four miles beyond. Kutcha-pucca houses in the villages 
on both sides of the road collapsed. This portion of the country was very remini- 
scent of Sitamarhi. The central pUes of the bridge four miles north of Panch- 
gachia, leaned both east and west, two central spans collapsed. The western 
span leaned westward and the eastern one eastwards, but the piles on either bank 
remained vertical. A temple alongside collapsed completely. 

Madhipura (26° 66' : 86° 48'). This village was the headqueuiers of the sub- 
division of the same name in the Bhagalpur district, but has been abandoned 
since the earthquake as a result of encroachment by the Parwan river, a branch 
of the Kosi, which flowed past the eastern side of the town site. 

This township was within the Slump Belt. Owing to the lightness and small 
size of the buildings the damage was much less than otherwise might have taken 
place. The most severely damaged building was the hospital, a large modem 
structure which subsided and opened out in all directions and was completely 
wrecked. Other public buildings subsided a few inches and were cracked, but 
most were habitable. There wore numerous ground fissures, striking principally 
N. N. E. — S. S. W., and one such fissure traversed the length of the town. The 
small bazaar, built mainly of bamboo and grass huts, remained undamaged. Four 
pucca and several kutcfta-pucca houses collapsed. The severity of the shock in 
this small town was demonstrated by the fall of three trees with large roots ; two 
fell north, one south. 

The buTid surrounding the town subsided and cracked in many places. East 
of the town the river breached the bund and eroded westward behind the original 
bund alignment. 

Portions of the Jail walls fell down. The Warders’ qusuters collapsed. The 
Thana, a kutcha building, was badly cracked and portions of the south-western 
comer collapsed. The Munsif’s Court was cracked and badly damaged, and the 
floor cracked and sank. The Criminal Court was completely ruined; the roof 
was badly cracked and part of it fell ; the floors and the walls were cracked and 
sank. The direction of the cracks on the floors was north-south. The Local 
Board Office was cracked and it subsided, but the damage was repairable. The 
Dak bungalow was cracked and it sank about two inches but the damage was re- 
pairable. The S. D. O.’s bungalow, a fairly new and well-built brick building, 
was slightly damaged by north-south or8U3ks. The Subdivisional Officer remarked 
that the shook came flnt from the north-west and then from the west. 

Nirmali (26° 18' : 86° 36L'). — ^This village, about seven miles E. S. E. of Phul- 
paras, was badly damaged. The station buildings and newly built houses were 
slightly cracked but other pucca and hutcha-pucca buildings ooUapsed. 
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Bhapiiahi (26° 18' ; 86° 42'). — ^Here, as at Nirmali from which it is situated 
about ten miles to the east, pucca and kutcha-jmcca buildings were badly frac- 
tured. The chimney of a mill fell towards the east. Two single-storey kuicha- 
pucca buildings, used as rice mills, were badly fractured. 

Kunali or Khandavli (26° 27' : 86° 49'). This village is within a short dis- 
tance of the Nepal boimdary. There was a partial collapse of almost all the pucca 
buildings and only two, which were rather now, escaped and these were cracked. 
The Dak bungalow, a Icutcha-pucm structure, collapsed completely. 

Dagmara (26° 26' : 86° 46'). — This village is about four miles south of Kunali, 
all the buildings were badly fractured. 

Bhimnagar (26° 31' : 86° 67'). — ^This old village, the site of which was about 
16 miles north of Pratapganj and within a short distance of the Nepal frontier, 
is no longer in existence and is now replaced by Raniganj. Hero all the houses 
are of tatti (bamboo wattle), hence no damage was visible. There were a few 
ground fissures, which were dependent on the prevalent depressions. 

Pratapganj (26° 18' : 86° 68 '). — Pucca buildings were eracked but not very 
seriously damaged in this village, which is about 28 miles to the north-east of 
Supaul. Some of the buildings sank slightly. The Thana, the Dak bungalow 
and the Hospital were all cracked, but not seriously. 

Raghopur (26° 17' 86° 61'). — At this village, about seven miles to the west 
of Pratapganj, the Dak bungalow partially collapsed. A largo old bungalow 
about two miles from the village almost completely collapsed. 

Pipra (26° 10' : 80 °48').— Situated about 13 miles E. N. E. of Supaul, 
pucca^ kutcha-pucca and mud houses in this smaU village collapsed or were badly 
fractured. The Hospital, of pucca brick construction, partly collapsed. Fissures 
and sand vents dotted the country side. 

Murliganj (25° 64' : 87° 00'). — This village is about 13 miles to the east 
of Madhipura, aud is the terminus of the branch of the E. B. Railway from 
Purnea. Murliganj is situated on the west bank of the river Daus which is now 
virtually the main Kosi. 

Most of the houses in this part of Bhagalpur district consist cither of bamboo 
and mud with corrugated galvanised sheet-iron roofs, or they are thatched grass 
huts which do not show earthquake damage easily. All the bamboo and mud 
huts were cracked and the railway station was also cracked. Some kutcha-pucca 
houses at Murliganj were badly cracked. Between Janakinagar and Murliganj 
there were some sand vents and cracks. The village itself comes within the main 
Slump Belt. 

Conditions wore also similar at Behariganj, a village about 12 miles due south 
of Murliganj, and between these two villages there were many fissures. Innumer- 
able cracks and fissures were present along river banks, which were in places 
faulted into the river. 


Purnea district. 

Purnea (26° 48' : 87° 30'). — ^This town, the hoEwlquarters of the district of the 
same name, is situated along the Saura river. The population in 1931 was 16,474. 
The town long and straggling, and contains five distinct localities, viz., the town 
proper, the civil station, Khazanohi Hat, Bhatta and Madhubani. The old town 
is situated on the left bank of the river and is connected with the civil station by 
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a small bridge. The town stands on sandy alluvium which is presumably ‘ older 
alluvium This sandy country is flat and low near Pumea, but further north 
it rises and undulates considerably and pebbles sure associated which gradually 
increase in size a) the hills to the north are approached. The newer alluvium 
lies south of Pumea, but the junction between the two is obscure. 

Pumea is undoubtedly the extreme eastern limit of the most serious damage 
and is at the east end of the Slump Belt. Although government and other stmc- 
tures in Purnca did not actually collapse, the damage on close inspection was 
almost as spectacular as at Monghyr. The principal destructive movements 
appear to have been east-west. 

There were but few cases of houses collapsing, and the shattered buildings, 
with cracks and gaping fissures up to one foot in width, were, in almost all cases 
standing erect. It was because of this that the toll of life was negligible — only 
two lives wore lost — in comparison with the destruction of property. The very 
breaking up of the foundations by subsidence prevented the collapse of the build- 
ings. About 50 per cent, of the pucca buildings were so completely ruined as to 
require re-building and 90 per cent, were so badly fractured that they were rendered 
uninhabitable and had to be extensively repaired. The most frequently quoted 
example of subsidence was the east wall of Barbhanga house which sank between 
three and four feet. The Civil Court, the largest building in the town was cut 
across by an east-west fissure along which subsidence was as much as two feet. 

Many private houses, especially heavy two-storey stmctures, were destroyed. 
It was interesting to note that between adjacent and similar houses one was often 
destroyed and the other unscathed ; the damage depended on the amount of sub- 
sidence, which was governed by fissures and adjacent sand vents. 

This behaviour of ruined houses at Pumea is a contrast to those in Monghyr, 
wliere entire streets were levelled to the ground and formed heaps of debris. It 
was obvious in Pumea that the structures were much too heavy for the sand 
foundation on which they were built. In many cases the heavy buildings were 
themselves responsible for fissuring the neighbouring groimd. 

In the old town, to the west of the civil lines, the damage was slight. This 
was not due to any apparent difference in the alluvial ground below the foimda- 
tions, although sand vents were admittedly absent, but to the much lighter nature 
of the stmctures. The part of the town on the northern side of the river was 
singularly undamaged, except for very kutcha buildings which collapsed. Most 
of the shops in this part of the town are of brick constmetion and were imdamaged. 
The house of the Raja of Pumea on this side was only slightly cracked. 

The steel piles of a bridge between the civil lines and the railway station were 
broken, and the piles were shifted slightly by a foot or so. The banks of the river 
appeal'ed to have closed in a little. A brick arch bridge between the civil lines 
and the old town was also fractured ; one of its piers was slightly out of line. One 
of the most extraordinary examples of distortion to a screw-pile bridge took place 
at the Kali Kosi river one mile from Champanagar, north-west of Pumea. The 
centre piles moved south, downstream, as much as seven feet eight inches, but 
remained more or less vertical. The bridge took on a sharp bend downstream. 

The civil lines occupy a large area of country ; buildings are widely scattered. 
The ground was traversed by innumerable fissures, some aligned east-west, the 
majority north-south. Sand was ejected from many of the fissures and from other 
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vents — ^in some oases lajge holes with tunnels were left after the sand was ejected. 
The fissures followed the configuration of the ground, such as naldSf embankments, 
etc., and there was a little horizontal and vertical displacement along some of 
them. The north-south fissures appeared to be longer thfiui the east- west ; one 
or two could be traced for half a mile whilst the east-west set were not more than 
a couple of hundred yards in length. Many of the fissures were quite wide and 
gaping. Along one of the roods there was a hole five feet wide and twelve feet 
deep with two tuimelB on either sides. Another was five to six feet wide and 
filled with fine grey sand. In places the ground was honeycombed with fissures. 

In the immediate neighbourhood of Pumea the surface of the ground was 
thrown into long shallow undulations. Accompanying the formation of the ground 
fissures, sand and water spouted like fountains from newly opened vents as well 
as from wells. Wells, tanks and depressions were infilled by sand from below 
in the case of wells to an average of 16 feet above their original bottoms. As 
most of the wells and many tanks in Pumea were infilled there was a scarcity of 
water for a time. On re-excavating the wells the water level was found to have 
fluctuated. 

Roads became undulating owing to subsidence but this type of damage died 
out rapidly to the east, south and north (»f Purnea. River banks closed in, in 
some cases as much as seven feet, but averaging five feet — rcslucing the water- 
ways a total, therefore, of ten feet ; this was well indicated at the District Hoard 
road crossings. In the country north and west of Purnea the railway lin(*H were 
buckled and twisted and the violence of the movement was suflicient to throw 
the rails away from the track ; lateral shifting of telegraph poles and bridge piers, 
occurred, in one case they were moved seven feet out of alignment. 

In contrast with the general disturbance of the surface of the country trees 
were noticeably immune from damage all over North Bihar. Near Purnea only 
two trees were uprooted and thrown on their sides. 

The various phenomena may be accounted for, to some extent, by the nature 
of the sub-stratum on which the town of Pumea is built. This is a thick bed of 
extremely fine, soft sand, a deposit of the old and now deserted bed of the Kosi. 

Conflicting reports give the time of incidence of the shock between 14-15 and 
14*36 hours (I. S. T.), and it lasted for over 180 seconds. The noise accompany- 
ing the preliminary tremors was variously described as a loud rumbling, like 
thunder, or was compared with the noise of a motor car or aeroplane. Some 
people heard no noise. The direction of the first vibrations was given by a care- 
ful observer as roughly N.W. — S.E., followed by movements m another direction, 
and later by distinct vertical movements of the ground. The fall of objects, how- 
ever, did not seem to favour any particular direction. 

Some of the more important buildings may be described : 

The two central ijlaa of the CoUectorate were badly fractured, but the northern 
and the southern portions of the buildings were not so severely affected. The 
main portion of the CoUectorate Record Room was severely affected, but the two 
rooms at the south and the southern verandah escaped with minor repairable 
damage. The large cracks in this building were due to subsidence. The central 
portion of the old CoUectorate had a domed roof which was badly fractured so 
that this portion of the building had to be dismantled. The southern and the 
northern portions were also cracked. The Civil Court was shattered by an 
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east'west fracture which out right across the southem part of the building, with a 
subsidence of as much as two feet on the south. The entire building was badly 
cracked and subsided as a whole by a few inches. Only the northern end of the 
building could be retained. The enclosure wall of the District Jail fell and prisoners 
escaped. The office buildings of the Jail Superintendent and the Jailor and the 
Warder’s barreicks sagged and were badly cracked. Only the northern portion 
of the prisoners’ ward could be repaired, since the rest of the ward with domed 
roof was badly damaged. The central portion of the hospital building was severely 
fractured and had to be dismantled but the northern end and the southem portion 
could be repaired. Portions of the District Judge’s residence had to be dismantled. 
The Police Superintendent’s bungalow slumped and had to be demolished. Be- 
sides being badly fractured the Civil Surgeon’s bungalow also sagged. The major 
portion of the Pumea Zilla School building was badly cracked and part sagged. 
A large portion of the building and of the hostel had to bo demolished. The Circuit 
House was wrecked by large north-south cracks which were up to five inches in 
width. There were minor east-west cracks. The building sank six inches below 
the ground gutters. The main movement here was definitely east-west. The 
hospital building sank in the middle and was severely cracked. Most of the wide 
cracks were north-south, as a result of east-west movements. Two shocks were 
felt by the hospital staff ; the first one lasted for 150 seconds and after an interval 
of thirty seconds there was a second and a severer shock for 90 seconds. It was 
during the second shock that fracturing of the buildings took place. The first 
shock was in a N. E. — S. W. direction and the second in an east- west direction. 
Dr. Mullick, however, felt an east-west movement during the first shock followed 
a second N. E. — S. W. shook. Fissures appeared with the second shock. At 
the Cemetery large east-west fissures were formed in the ground but curiously, 
none passed through a grave ! The walls were broken and fell, the north wall 
subsided in part down to ground level in a sand filled fissure. Much sand was 
ejected. Some of the monuments sank, but no monuments actually overturned. 
An adjacent road was riddled with fissures. Darbhanga House was completely 
ruined ; the principal fraetures were in the east- west walls and the eastern wall 
■smk about four feet. Fissures with ejected sand were formed in the adjacent 
ground near Darbhanga House ; these fissures were aligned north-south and one 
of them ran below the eastern wall of the l^ouse causing its subsidence. The roof 
collapsed inside the bidding. The Raja of Barailli’s house was completely ruined 
by severe cracks and the floor was broken up ; the main cracks were north-south. 
The Church was completely ruined by cracks and the building subsided. The 
Indian Club, a newly erected structure, was completely fractured ; all the walls 
sank and the eastern and the western ends were tilted ; the concrete floor was 
raised and was badly fractured. The building was surrounded by sand fissures. 
In the bazaar most of the houses wore built of bamboo and were unaffected. 

Forhesganj (26° 18' : 87° 18'). — This village is situated 42 miles by rail north- 
west of Pumea. Its population in 1931 was 5,939. Going north from Pumea 
much fissuring and a few sand vents were noticeable for the first 10 miles, then 
the country showed little disturbance and only rare fissures up to Araria. North 
of Araria, and especially approaching Forbesganj, road conditions became bad 
owing to the presence of fissures and sand vents. 

At Forbesganj several brick buildings collapsed. Most of the buildings at 
Forbesganj are oonstmcted of galvanised sheet iron so that the effects of the 



ISOSBISMAL IX, NORTH OF THE GANGES. 


241 


shaking were not marked. The wall cracks gave no information of the direction of 
the ground waves. The station building wsa practically undamaged. The bridge 
half a mile west of the station collapsed. Another girder bridge north of Bhatiahi 
station, about two miles south of Jogbani, had to be supported on sleeper piers 
until the damaged piers wore repaired. 

The fissures around Forbesganj were rather constant in direction — either north- 
west or north-north-west. As the country is flat, or gently rolling, it cannot bo 
said that the directions of the fissures were governed by any particular surface 
depressions. It is quite probable that here in Pumea district they were governed 
by the direction of the surface waves. 

Joghani (26° 24' : 87° 18').^ — This tiny village at the extreme north of the Pumea 
district and about seven miles due north of Forbesganj is the terminus of the 
E. B. Railway. There wei-e no fissures and little ejected sand. No wells were 
choked up. Houses were badly damaged, however, and this fact justifies the 
inclusion of Jogbani in isoseismal IX. Brick houses cither partly or entirely 
collapsed. The station building as well as the staff quarters collapsed. 

Baniganj (26° 05" : 87° 14"). — On the road from Champanagar to Raniganj, 
a village 30 miles north-west of Pumea, a few occasional fissures from which 
some sand was ejected, were noticed. A few small cracks occurred in the village 
buildings and damage was slight. 

Champanagar (25° 55' : 87° 19'). — This village is about 15 miles N. W. of 
Purnea, and the surrounding country was considerably fissured and sand ejected. 
The Palace at Champanagar was cracked but not seriously. The porch on the 
eastern side was separated from the main building. The main cracks were aligned 
mostly north-south but one crack in a side building ran cast-west. The move- 
ment was definitely east-west according to the people of the palace. The des- 
tmetion of the screw pile bridge over the Kali Kosi river near Champanagar has 
already been described. 



CHAPTER XVII. 

ISOSEISMAL IX, SOUTH OF THE QANQES. 

Patna district. 

Patna (26° 42' : 86° 12'). — The city of Patna, the capital of Bihar, includes its 
suburb, Bankipore, which is the headquarters of the Patna district and division. 
The city extends for about nine miles along the south bank of the Ganges and 
is about a mile and a half broad. The population of the city together with the 
new capital was 173,948 in 1931. 

In spite of its historic past, the old city possesses few buildings of interest to 
the archaeologist and like most of the towns in Northern India it is a long strag- 
gling city of brick houses or mud huts with tiled roofs. There are, of course, some 
fine modem buildings in the new city. Amongst buildings of historical interest 
are the fine mosque of Sher Shah (1640-46), built in 1626, and a temple erected 
by Ranjit Singh, “ the lion of the Punjab ” on the site where Govind Singh, the 
great Sikh Guru and founder of the Sikh military brotherhood, was born. The 
gola (granary) at Bankipore, is a curious beehive-shaped structure, 96 feet high, 
which was built in 1786 for the storage of grain as an insurance against famine, 
The old city is thickly congested with flimsy buildings and with the exception of 
the main street, which runs from east to west, is full of narrow, crooked and irre- 
gularly aUeys, lined with insignificant houses. At the extreme west is the Patna 
College on the bank of the Ganges ; close by are the Medical College and Hospital, 
and in the same neighbourhood ore the Patna Oriental Library and the Bihar 
School of Engineering. The New Capital, which lies further west, includes Gov- 
ernment House, the High Court, the Secretariat and other government buildings 
— all of recent construction. 

Along the river front at Patna, the intensity of the shock was IX and build- 
ings suffered severely. This was largely due to the fact that the oldest structures 
were situated in this part of the town. However, such fine modem buildings 
as the Nurses’ quarters were damaged to an equal extent so that the age of build- 
ings was not entirely the determining factor; Buildings in the bazaar collapsed 
and immediately after the shock the debris-strewn roads were impassable. Tall 
stmctures, particularly of katcha-pucoa constmction, were the worst affected. 

In the New City the damage (intensity VIII) was much less, but notwithstanding 
their recent construction the buildings did not escape lightly. At the Secretariat, 
roof copings were damaged ; the clock in the tower stopped at 14*16 hours. The 
High Court was damaged to the extent of about half a lakh of mpees ; cracks 
which appeared below the dome became worse for severed weeks after the shock. 
The top floor of Government House was severely cracked and the majority of 
twq-storey houses suffered similarly. 

The principal movements took place in an east-west direction, but approach- 
ing the river north-south movements predominated. In the Patna Old Ceme- 
tery parts of several old monuments and pillars feU to the east or west, the majority 
to the east. Many observers spoke definitely of an east-west movement, build- 
ings shaking bodily in that direction. 

’ ( 242 ) 
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It is irapossible to give a complete list of the damage in such a large city as 
Patna and only some of the most affected buildings are described : 

Portion of the north porch of the Patna Junction station collapsed. The 
roof copings of the station building fell. The residence of the Superintending 
Engineer collapsed. The Government Press, situated on the bank of the Ganges 
and built in 1702, wjih heavily buttressed on the northern side. Formerly it was 
used as an opium factory, and formed part of the old Dutch factory. The main 
press room was heavily damaged and the southern portion collapsed. In the 
Composing room the pillars at the western end leaned towards the north. In 
the Deputy Superintendent’s room the principal cracks wore in the north-south 
walls, the arches on the east-west walls moved outwards. The majority of the 
beams in the terrace on the north wore pulled out from the south, two fell east 
and west and the rest dropped perpendicularly. The weather vane on the top 
of the Round Tower fell in a N. N. E. direction. The ground floor of the Super- 
intendent’s house was of arched walls more than six feet thick and they were quite 
undamag(‘d. Within the precincts of the press compound, there was a general 
tendency for the fractures close to the river to have arisen from north-south move- 
ment. At the southern side of the compound away from the river the principal 
cracks iTisulted from cast- west movement. An adjacent house occupied by 
Mr. Hamid was eomplcdely ruined. The building was shaken in a north-south 
direction and then* was little sign of any east-west movement. Mr. Williams’ 
house WiiH comiiletely destroyed. Mr. Williams, who w'as standing outside facing 
tlio houHi', was of the opinion that the Bh(K;k travelled from west to east and ho 
felt an up and down movement towards the end. His house moved bodily in 
an east-west direction. The house occupied by Lt.-Col. Coutts was a semi-pweea 
building, and was fractured by both east-west and by north-south movements. 
The southern verandah fell to the south without any lateral movement of the 
rafters, which dropped perpendicularly. One cylindrical pillar fell duo oast against 
another pillar. Not one glass j>ane was broken in the whole building. The eastern 
side of the building was moat severely damaged. The north wall ojiened north- 
wards along old cracks. All the rafters on the western side were pulled out from 
oast to west. The Nurses’ Quarters, P. G. Hospital, is a recent building of 
(excellent construction and situated close to the river.. The walls on the 
southern side fell towards the south. The eastern side of the building was more 
severely damaged than the western side. The Patna College is a massive two- 
storey puccAJi building situated close to the river. The entire building was badly 
damaged. Portions of the roof on the first floor collapsed and the walls fell out- 
wards both towards the north and the east. A cement ball, mounted on a verti- 
cal sttHil rod fixed to the roof coping on the southern side of the building was bent 
over due west ; another on the western walls was also bent over in the same direc- 
tion. These movements, therefore, definitely took place in an east- west direction 
and were due to a violent easterly jerk to the building from the west. At the 
Commissioner’s house, a very old building made of sunburnt bricks, the i)orch on 
the east side tilted towards the east and portion of the eastern wall collapsed. 
On the northern side the walls showed a tendency to open towards the north. 
The porch of the Collector’s house collapsed and some of the walls were cracked. 
At the Rev. P. John’s bungalows the nuria tiled verandah on the western side 
of the bungalow collapsed. Mr. John notioed that the trees and the thatched 
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roof of the bungalow swayed north-south during the quake. The Regis Hotel 
was ahgned in an east-west direction, and the damage was confined mainly to 
the eastern and western sides of the building. The roof copings on the north and 
the south fell outwards. The central portion of the building cracked but slightly. 
The buckling of the outside walla were responsible for most of the damage. The 
principal movement in this building was in a north-south direction. 

Portion of the High Court collapsed. The portico at the entrance for judges 
and the portico at the entrance for advocates almost collapsed. The roof of the 
court rooms on the first floor cracked in several places and the Record rooms were 
also damaged. Most of the damage was to the roof coping. In the Registrar’s 
room, aligned north-south, all the steel racks, for files, were aligned east-west 
facing north or south ; all the racks fell south. Hero the movements appeared to 
have taken place in a north-south direction. Cracks appeared in the ground 
around the High Court. The northern end of the Assistant Registrar’s house, 
near the High Court, subsided about four inches and leaned towards the north. 
The building was cracked across in an east- west direction. The top portion of 
the tower of the Secretariat building fell later and damaged the roof and coping. 
There were several cracks in the walls. 

In addition to the buildings mentioned, and many kutcha-piLCca structures, 
a large number of well-built pucca buildings were damaged to a greater or less 
extent. Amongst these are Government House, the Chief Justice’s house, the 
late Sir Ali Imam’s house in Fraser Road, the Allahabad Bank, the Co-operative 
Federation Office, the English Church in Bankipore, Mr. Justice Agarwala’s house, 
the house of Mr. Justice Varma, the District Court buildings, the Imperial Bank, 
the house of Mr. Hosain Imam, a member of the Council of State, and the Science 
College buildings. The northern portico of the General Post Office was cracked 
and damaged. The Statesman reported that over 60 persons were killed, several 
hundreds were injured and over 4,000 houses in the town damaged or destroyed. 

Barh (26° 29' : 86° 43'). — ^This town, headquarters of Barh subdivision and 
with a population (1931) of 9,760, is on a northern salient of the Ganges. The 
intensity here was IX and the damage, on a smaller seale, could be compared 
with that along the river front at Patna, perhaps somewhat more intense. The 
Subdivisional Officer’s court was almost completely razed to the ground. The 
S. D. O.’s bimgalow partly collapsed, the reniainder had to be condemned. All 
the other government buildings were severely damaged. The northern end of 
the bazaar within half a mile of the river, was the worst part affected, as almost 
every house was damaged to some extent, two-storey houses being, of course, 
the worst affected. The main bazaar road nms north-south and the buildings 
fell towards the west. The movements in Barh were mainly east- west, but again, 
as in Patna, a north-south movement asserted itself approaching the river. 
Thirteen lives were reported to have been lost. A few of the damaged buildings 
are described : 

The S. D. O.’s Court and Sub-Registrar’s office, aligned east-west, was almost 
completely razed to the ground, but windows and doors were left standing. The 
western verandah of the Court Offices and Treasury, aligned north-south, was 
badly damaged, the rafters were pulled out about two inches. The walls of the 
buildings cracked, especially above the door and window arches and were con- 
demned. The eastern and the western wings cracked at the junction with the 
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main building. The S. D. 0.*8 house, of jmcca brick and 20 years’ old, was left 
standing, but was so severely damaged that it was condemned. The Munsif’s 
CJourt, aligned E. 20°N., was severely cracked and had to be condemned. The 
verandah arches were reinforced with thin steel bars, but both the southern 
and eastern verandahs fell eastwards. The Barh General Hospital, a pttcca struc- 
ture, was severely cracked and was partially condemned. The Banarsi Ghat 
Mosque on the river bank is about one hundred years’ old ; a small minaret fell 
due west and came to rest at an angle of 46° from the horizontal between two 
cupolas. The southern side of the mosque collapsed. The roof copings at the 
railway station collapsed and the verandah was pulled away from the wall and 
collapsed ; the walls were badly cracked. 

Mokameh (26° 26' : 86° 63'). — This town is on the south bank of the Ganges. 
In the bazaar fifty buildings coUapsed, many were severely cracked and a largo 
percentage had to be demolished. The town, on the whole, was not so badly 
shaken as Barh. At the railway station, an old building, most of the damage 
was caused by east-west movements. The station had to be completely demo- 
lished and rebuilt. The railway quarters were the worst affected and most of 
them rendered uninhabitable. All the walls opened outwards. In many cases 
there was a definite horizontal shear in an east-west direction. It was remark- 
able that the brick pillars supporting water tanks were not affected. At the Dak 
bungalow a pucca structure, the east-west movement of the roof cracked the walls 
badly. Effects of north-south movement were noticed on the north and the south 
sides, the centre rooms were the least affected. The eastern verandah was more 
damaged than the southern. The building was condemned. At the District 
Board School a pvcca building, aligned E. 30°S., the eastern and western 
\erandah pillars loaned outwards, tilting from the foundations. The northern 
wall showed a tendency to move outwards. In general, east-west movements 
appeared to dominate. 

Moiighyr district. 

Jamalpur (26° 18' : 86° 30'). — This town is the headquarters of the locomotive 
department of the East Indian Railway. The engineering workshops cover an 
area of nearly one hundred acres, over twenty acres of which are roofed over. 
The population in 1931 was 30,346. 

The greatest damage was in the bazaar, north of the railway station, where 
many houses were razed to the ground and practically every house, excepting 
mud huts, was badly cracked. Hero as elsewhere the Icutcha-pucca structures 
suffered most. According to the Statesman 16 persons were killed. Just east 
of the station, houses, especially those with arched roofs, were razed to the ground. 
Others were wrecked and the remainder were more or less cracked. Tall two- 
storey buildings suffered most. Certain two-storey houses with iron sleeping 
shelters on the roofs fell away at the northern and southern ends and left the 
‘ sleep-out * shelters suspended. 

There was a rapid diminution in the intensity of the shook approaching the ridge 
east of the town and both the eastern and southern borders of the town were little 
disturbed, but the houses hero weie of quite recent construction. In the absence 
of structures on the ridge east of Jamalpur no impiession could be gained of the 
differential effects of the movements there. 
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In the Railway Workshops the damage was confined to the brick structures and 
mainly to those built nearly 60 years ago. The greater part of the works was of 
steel frame construction which suffered no damage. Of the single storey brick 
buildings the long structures suffered most, more especially those aligned north- 
south, the northern and the southern ends collapsing. All structures with arched 
roofs, of which there were a large number in Jamalpur, were severely damaged. 
According to the Statesman 130 out of the 180 houses in the railway colony col- 
lapsed or were rendered uninhabitable. There were 17 deaths in the railway 
colony and 48 injured. In Jamalpur nearly everyone agreed that the first move- 
ments took place in an east-west direction. 8ome were of opinion that these 
movements changed to north-south while others felt a circular movement. 

A brief account of some of the damaged buildings is given : 

At the Stationery Office, 6 Loco Office road, the arched roof split right along 
the centre and opened up east- west. The southern end of the building collapsed 
and the north-south walls were badly cracked, but the east-west partition walls 
were left standing and were not heavily cracked. The outer walls parted from 
the partition walls in the interior of the rooms. At the Railway Institute the 
western wall of the baths fell en masse towards the west and the remainder was 
completely cracked. The baths were aligned east- west. The other Institute 
buildings were badly cracked, particularly in the east- west walls. According to the 
Secretary of the Institute, the movement first cam(‘ from a little north of west, 
later the direction changed to north and south and the ground could actually bo 
seen rolling in waves to a height of one ft)ot. At the Railway Workshoj), portion 
of the eastern wall of the machine shop fell towards the cast. I’he lower part of 
the chimney house was badly cracked and the chimney leaned northwards. The 
steel chimneys vibrated in all directions. The brick foundation of one steel chimney 
had a vertical north-south crack. In the forge shop the western wall was pulled 
away from the roof and the western side of the roof dropped. The power house 
near the southern end of the shop was only slightly cracked. Only old brick struc- 
tures were affected, the steel structures escaped. The northern and the southern 
ends of the watch and clock shop, the alignment of w hich was north-south, fell 
away. 

The southern verandah of the Y. W. C. A. building collapsed and all the 
walls wore badly fractured. The rfK)f copings fell towards the north and the south. 
St. Mary’s 0. E. Church had a corrugated iron roof. The eastern and the western 
walls were not damaged but the southern wall collapsed. The belfry fell towards 
the east. The porch on the south end of St. Joseph’s R. C. Church collapsed 
together with the top half of the southern wall. The eastern wall was badly 
fractured. The eastern and the we.stem walls were pulled away from the northern 
and the southern walls. The top of the eastern and the western walls of the Union 
(Church, aligned east- west fell. The church had a tiled roof supported on steel 
girders. 

The railway station is aligned north-south. Portions of the roofs of the rooms 
on the eastern and the western platforms collapsed. The northern and the south- 
ern ends of the station building on the eastern platform fell outwards. Both of 
the arched roofs over the railway lines in the main station fell. All the east-west 
partition 'walls in the various rooms were badly cracked but the north-south walls 
were not much damagkl. All the arches were opened up near the centre. The 
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Police Sergeant’s house, a jnicca building north of the station, was definitely rocked 
east-west ; all walls aligned east-west had great diagonal cracks ; the roof over 
the western wall had definitely moved outwards one inch towards the west ; hori- 
zontal cracks appeared in the northern and the southern end walls. 

Dharhara (25° 12' : 86° 240.— This small village, about seven miles south-west 
of Jamalpur by rail, was badly affected. The waiting room in the down platform 
of the railway station collapsed. On the up platform north and south walls were 
not much affected, except at the western end, whore the western wall was tilted 
outwards. All the railway quarters were severely cracked ; one of them had a 
north-south crack right across the house, opening up the roof. In the village, 
about one mile south of the railway station, nearly 60 per cent, of the houses 
collapsed. 



CHAPTER XVIII. 

ISOSEISMAL VIH, NORTH OF THE OANQES. 

Champaran district. 

Bamvl (27® 00' : 84® 62'). — This villap;e, the terminus of the newly constructe I 
Nepal Government Light Railway, is in the extreme north of the headquarters 
subdivision of Champaran district. 

Raxaul was not badly affected by the earthquake, and only a few old houses 
in the village collapsed. A house near the mill collapsed towards W.20®N. Pillars 
in the bazar fell towards N.15®E., and a revolving book case in Mr. Duncan’s bun- 
galow fell south. A temple, constructed in J026 of good mortar and with roof 
girders, was undamaged except for minor craeks. Wells were filled with sand, and 
fissures and sand vents were common. A fissure running E.30°S. ~-W.30®N. cut 
across the bungalow of the British Legation, cracking the foundations ; the outer 
walla of the bungalow were not damaged except above the fissures, but the inner 
walls were badly cracked. 

Beitiah (26° 48' : 84° 30'). — This aubdivisional headquarters, with a popula- 
tion of 27,941 (1931), was not badly damaged, but it was isolated for more than 
24 hours because of damage to the railway. The Hospital waa ruined and several 
houses partially collapsed. Many compound walls fell. Fissuring in the neigh- 
bourhood of the tank was strong. Emission of sand was slight and faded rapidly 
to the north-west. It began to be worse about foiu* miles oast of the town towards 
Motihari. No emission of sand took place anywhere north-west of Bettiah along 
the Lauriya road. The Raj clock at Bettiah stopped at 14.12 hours (I. S. T.). 

Both the north-south wings of the school building collapsed ; the remainder 
of the building was rather badly cracked. The Rani’s palace was not severely 
cracked, apart from the towers which were badly damaged and had to be pulled 
down. The north compound wall of the Durga Bagh temple fell. Two turrets 
fell towards the north-west and S.S.E. respectively. A fine newly built temple, 
built of Vindhyan sandstone which had bben cut into long blocks and set upright, 
did not actually coUapse, but the walls of the building bulged outwards — in the 
shape of a barrel to such an extent that the temple was unsafe. 

Jagdiapur (26° 42' : 84° 36'). — This small village is about eight miles S.S.E. 
of Bettiah. The sides of a tank in this village collapsed into the water and a pole 
in the tank leaned due north. The lightning conductor on the Jogdispur temple 
was bent in a westerly direction and the temple itself was badly affected by east- 
west orooks which traversed the walls and the spire. 

Majhowlia (26° 48' : 84° 36'). — This station on the B. & N. W. Railway is about 
six miles east of Bettiah. The village was rather severely affected but the worst 
damage was at the sugar factory. The foundations of the factory were badly 
cracked and sank irregularly. The worst cracks were on walls aligned N.20°E. 
The east-west compound walls of the bungalows fell northwards. Most of the wells 
in the village were filled with sand and emission of sand from large fissures was 
quite heavy and extensive. 


( m ) 
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Saran district. 

Oopalganj (26° 28' : 84° 27'). — ^Thia town, a subdiviaional headquarters two 
miles west of the dandak river, does not possess any heavy structures, con- 
sequently the damage to buildings was not considerable. Most of the one-storey 
buildings escaped lightly. 

Only hairbreadth cracks appeared over the arches of the northern verandah 
of the Criminal Court, a one-storey pucca building. The Post Office, a one-storey 
kutcha-pucca building, is aligned east- west, the north -south partition walls of the 
rooms were cracked near the comers and the outside walls were cracked slightly. 
Two almirahs standing against the western wall fell in an easterly direction. The 
jack-arches of the roof were not damaged. The Post Office clock stopped at 14T6 
hours (T. S. T.). The one-storey kutcha-pucm Hospital had cracks, more parti- 
cularly in the north-south partition walls. A ground crack about J-inch wide ran 
along the floor in an east-west direction. The east-west gabled parajiet over a 
ward on the south side fell towards the south. At the Thana, a kutcha-pucca build- 
ing, the north-south walls were eriujked and the east-west walk were almost un- 
affected. Portions of the east-west boundary walls collapsed and fell to the north. 
The well in the thana compound was choked with sand. The Jail, a pucca struc- 
ture, escaped with minor damage ; some of the walls developed slight horizontal 
cracks below the main arches. In the compound of Mr. Thorpe’s bungalow there 
were several thin parallel cracks striking N.N.E. for about 50 yards, from which 
fine sand was ejected. A few cracks appeared in the bungalow walls, and orna- 
ments in the rooms fell. Mr. Thorpe first felt an east- west movement which later 
changed to north-south. The football ground to the east of the High School was 
intersected by a number of six -inch wide north-south fissures, accompanied by 
faulting and ejection of fine grey sand. Water also flowed out of the cracks and 
inundated the field. The central north-south block on the eastern side of the school 
premises was badly damaged. The eastern wall was severely cracked and portions 
of it had to be dismantled. Portions of the roof (soUapsod. Some of the rooms 
on the eastern side of this block were further damaged by north-south fissures 
causing gaping cracks, three to four inches wide, in the east-west walls. The 
northern and western portions of the thatched roof of the one-storey kutcha-ptLC^ 
Mission bungalow collapsed. Rev. A. L. Banks, of Gopalganj Mission, reported 
that the 20 feet long trunk of a tree, lying on the road south of the Mission bungalow, 
rotated through an angle of 60 degrees in a clockwise direction. 

Oopalganj subdivision . — ^Fissures were present west of the Slump Belt in Gopal- 
ganj subdivision. North of Gopalganj the fissures ran parallel to the Saran Cansl, 
over a zone about 2J miles long, the fissures dying out northwards. Rev. A. L. 
Banks of the Gopalganj Mission very kindly supplied the following information 
about the fissures : — There were three distinct lines of fissures, each running almost 
parallel to the other and to the Saran Canal. One started at about Rajokhar, 
miles N.NJE. of Gopalganj and east of the Saran Canal and travelled S.S.E. 
through Nawada and then turned os the Saran Canal turns and ran S.S.W. through 
Manpura and Hajiapur and across the Baurali Road. The total length of this 
zone was two miles. The second started at Kotwa, about three miles north of 
Gopalganj, the fissures were very bad at Dhanuk Tola, and continued to the S.S.E. 
for about a mile and a half before turning towards the S.S%W. The fissures in 
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this zone were very deep and wide and continued as far as the extreme east of 
Gopalganj, damaging the local school building as previously mentioned. This 
zone of fissures was three miles in length. The third line of fissures started near 
Tirbirwa, about two miles north of Gopalganj and a few hundred yards west of the 
second zone, passed through Saduliahpur, keeping to the S.S.E. and then turned 
towards the S.S.W. before it reached Mathia, where the fissures were deepest on 
this line. This zone seemed to converge with the second near a mango grove, a 
little less than a mile N.N.E. of Gopalganj, where it faded away but reappeared 
on the south of the grove and passed through the Circle bungalow and across the 
High School playing field. The last two zones were on the western side of the 
Saran Canal. No fissures crossed the Saran Canal, although blow-holes were plenti- 
ful in the canal and in the low ground in its neighbourhood. The Subdivisional 
Officer of Gopalganj subdivision observed that villages or hustees surrounded by 
trees were loss damaged by fissuring than those which were not surrounded by 
trees. 

Manjha . — In this village, about six miles south-east of Gopalganj, the fall of 
buildings, especially of kuicha structures, appeared to be greater than at Gopalganj. 
The Manjha State building, a jmcai three-storey structure, constructed on an 
elevated earth platform was completely shattered. 

Hathioa (26° 24' : 84° 24'). — ^At this viUage in the Siwan subdivision, 12 miles 
south of Siwan, resides the Maharaja of Hathwa, a wealthy zemindar. Hathwa 
suffered decidedly worse than Chapra and nearly as badly as Lakri. None of the 
two-storey buildings belonging to the Raj estate escajx^d, the three-storoy palace 
of the Maharaja was badly cracked and damaged, but there was no total collapse 
< f buildings, although in some cases partial collapses of buildings were noticed. 
One-storey buildings showed little damage as a rule. There were a few narrow 
ground fissures from which nothing was ejected. One or two weUs in the village 
became choked with sand. The only buildings that successfully withstood the 
severe shaking at Hathwa were the Post Ofifice and the Railway buildings. People 
at Hathwa agreed that the shock commenced sometime between 14.16-14.17 (I. S. T.) 
and was accompanied by a loud rumbling noise. Mr. B. N. Dutt, the Diwan of 
Hathwa Raj, stated that there was a preliminary tremor in which a slight up and 
down movement was felt for about five seconds ; then there was a pause of about 
three to fo\ir seconds’ duration, succeeded by a violent tremor and later a severe 
shock in which a side to side movement was felt. Mr. Dutt experienced a sensa- 
tion similar to that when a ship is rolling and he felt it difificult to stand while the 
shock lasted. The duration of the last shock was about 45-60 seconds. 

The main Palace is a lofty three-storey building consisting of two blocks. The 
southern and main block is aligned E,16°S., and the northern block is at right angles 
to it, the two being joined by a narrow central block. The south-western and 
the south-eastern comers of the northern block were badly damaged by east-west 
cracks traversing the width of the building and affecting the roof, floors and the 
north-south walls on the oast and the west of the building. In the same block the 
east- west walls were also cracked together with the east- west arches of the north- 
ern verandah. The central block was completely undamaged, excepting portions 
of the eastern and the western parapets which partly feU. The main building on 
the south was badly damaged. The main jortico on the south collapsed. The 
short noith-south walls of , the same Mock were badly cracked, especially those on 
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the first and the second floors. The northern end of the building was damaged by 
east-west orewks which traversed the length of the building, causing damage to 
the roof, floors and the north-south walls. The ground floor was slightly less 
damaged. The domes, supported on the parapets along the eastern and the western 
aides of the main building, were badly cracked. Other buildings such as the Euro- 
pean Guest House, Reception Buildings, Temple, Old Fort, Tent House, Manager’s 
bungalow, Diwan’s house, Private Secretary's house and School were all damaged 
to a variable extent, mainly by cracks but occasionally by slight collapse. It was 
reported that an underground room at Hathwa and another at Lakri suffered no 
damage whatsoever. 

Lakri (26'^ 22' : 84° 23'). — This village is about 13 miles N.N.E. of Siwan. The 
District Board road from Siwan to Lakri was not affected by any fissure or sand 
vent. The residence of the Chairman of the Local Board was badly damaged ; 
the north and the south compound walls collapsed, but the eastern and western 
walls wore unaffected. In the main two-storey building the eastern and the west- 
ern walls of the ground floor suffered worse than the other walls. The north-south 
walls on the first floor were badly cracked and had to bo taken down, but the east- 
west walls wore completely unaffected. Two corner rooms on the eastern side of 
this floor collapsed. The zenana was badly damaged by cracks and the roof 
collapsed. 

Halimtolla (20° 22' : 84° 25'). — -At this village, north-east of Lakri, mud huts 
wore badly affected. Several sand vents in the centre of the village omitted water 
and grc'V sand, (’racks were seen parallel to the cause-way in a nortli-south direc- 
tion. Large fissures were j)ix'S(.‘nt in the old bed of a river running through low- 
lying land to the east of the village. Carbonaceous grey sand and water wore 
discharged Ironi these lissuros. 

Musdkam (2()° 22^ : 84' 25'). — Anoth(U* village no irby was ratlier bidly alfocteJ. 
Many mud huts collapsed and some north-soutli lissures ran through the huts, 
raising their earthen floor six to nine inch(‘S. The fissures were four to slx inches 
wide but no sand was ejected. Wells in the village were choked with lino groy 
carbonaceous sand. 

Mirganj (26° 22' : 84° 2U'). — -A village about ten miles north-west of Siwan 
was not much affected by the shock. 

CJiapra (25° 47' : 84° 44'). — This town, the headquarters of Saran district, 
stands on an old bank of the river Gogra, close to its junction with the Gaiigcb. 
The town is about five miles long from east to west, and its average breadth rarely 
exceeds one mile. The census of 1931 returned a population of 47,448. 

(’hapra was less affected by the earthquake than other district headquarters in 
North Bihar. Fissures or sand vents were absent. With the exception of a few 
old two-storey buildings in Katra bazaar, collapse of buildings, in C’hapra was 
negUgible. The main damage to buildings was caused by wall cracks over arches 
and in other places of structural weakness, and in several cases the damage was 
so severe as to require demolishment of the structures. Portions of the Collector's 
bungalow and the bungalow of the Bettiah Raj collapsed. They were very old 
structures provided with heavy roofs. The Civil Surgeon’s bungalow was badly 
cracked and had to be dismantled. The Circuit House, Bar Library, Criminal 
Court buildings, District Board office, and Municipal office were all damaged to a 
greater or less extent, and the upper storey of the Post Office building was badly 
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oraoked* Some of the Hospital buildings were damaged, espeoially the upper 
storey of the Female Ward. In plaoes t^e upper storeys of Wards Nos. Ill and IV 
and VII and VIII at the Jail were badly cracked. The Zilla School, a one-storey 
building, was rather severely damaged. Some private residences also suffered, 
roof parapets on two-storey buildings being espeoially weak. Plaster very com- 
monly fell away from the walls. At the hospital bricks were flung from the southern 
extremity of the western parapet mostly to the west and some to the south. At 
the Panch Mandir temple the upper portions of some of the spires were twisted 
counter-clockwise and the main spire leaned west. At Gandhi’s mas j id the western 
turrets fell east. The flagstaff on top of the Criminal Court leaned westward and 
it was said that the flagstaff swayed east-west. The movements at Chapra were 
mainly east-west. 

A noticeable feature in Chapra, as at Muxaffarpur, was that houses with brick 
or mud nogging raised on timber frames did not coUapse so frequently as ordinary 
brick-built houses. Although in many instances the walls in such buildings wore 
heavily cracked the timber frames were standing intact. In such cases the walls 
could be repaired without much difficulty. The best building of this t3q)e consists 
of a complete framework of timber, and the dead weight of the roof is shared both 
by the brick- work and the timber framework. Similarly it was noticed that 
verandahs raised on brick nogging had either collapsed or were badly damaged and 
brought down the walls to which they were attached by tie rods. In the case of 
verandahs supported on timber upright the damage done was very small. 

Sonjnir (26° 42' ; 86° 12'). — This village is on the right bank of the Gandak, 
close to its confluence with the Ganges. The Gandak bridge of eight 250-foDt 
spans, close to the village, was not affected seriously by the shock. 

Although a few mud huts in Sonpur collapsed or were damaged, pucca or kuicha- 
pucca buildings escaped lightly. The only building severely affected was the Dak 
bungalow, a lofty one-storcy, part piicca and part kutcha-pucca^ building, which 
partly collapsed, perhaps because of old age. In the Mina bazaar area a couple of 
two-storey buildings were somewhat badly damaged. The railway station build- 
ings acquired a few cracks and a few tiles fell. The roof coping at the western 
end of the main station was tilted towards the west and that on the northern side 
fell north. According to the Station Master the shock arrived between 14.10- 
14.13 (I. S. T.) and it lewted for about three minutes. The shook was of moderate 
intensity. The railway staff quarters were shaken and a few cracks were sustained 
by the buildings here and there. All the houses north of the station suffered more 
than those to the south. Between Sonpur and Paleza, the pile bridge over the 
Main river was badly shaken necessitating repairs. All the walls of the Police 
barracks, a one-storcy L-shaped kutcha-pucca building, were equally cracked. 
Portions of the roof of the thana verandah coila|)8od. Opinions wore conflicting 
as to the dii-ection of the shock in Sonpur. 

Muzaffarpur district. 

Uajipur (25° 41' : 85° 12'). — -This town, the headquarters of the subdivision 
of the same name, is situated on the eastern bank of the Gandak, a short distance 
above its confluence with the Ganges, opposite Patna. Its population in 1931 
was 19,299. The worst affected parts were Banwaritolla (MahajantoUi), Hasan- 
khan Mahalla, Minapur and Jaruha Saidpur, where quite a large number of kutcha 
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and old hutcha-puoca buildings collapsed or were so badly damaged that some 
had to be demolished. The bazaar area was not very badly damaged as many 
of the buildings here were newly erected. Four deaths were reported in the basaar. 
The Subdivisional Officer’s court, the Sub*Jail, the Municipal Office buildings and 
the District Board Dak bungalow withstood the shock quite well, but the Public 
Works Department bungalow did not escape. Portions of the roof of the Local 
Board Office collapsed. The central and old parts of the Criminal Court buildings 
were badly damaged ; part collapsed, but the later additions escaped lightiy. A 
stone pillar outside the High English School fell N.26°E. The railway station 
and the railway residential quarters were slightly damaged by cracks. There 
were a few fissures in alluvium striking N.36°E. and N.70°E. but no emission of 
sand. The Station Master recorded the shock at 14.16 hours (I. S. T.) and it lasted 
for three minutes. Its direction was N.W. — S.E. At first the ground movement 
was up and down followed by a side to side movement. He heard a rumbling noise 
like that of a motor ear in motion. The Assistant Surgeon, Dr. T. P. Varma, said 
that he was inside the Jail Office at about 14.15 hours when he felt a rotatory move- 
ment beneath his feet and almost simultaneously heard a sound resembling the 
passing of a goods train. A few seconds later he felt the chair moving up and 
down, and then as he hurried out the movement stopped. The first shock lasted 
about 15 seconds, followed by a pause of aboCt ten seconds after which every- 
thing shook violently. By this time he was outside the building and standing 
near the Local Board Office facing east and looking at the western side of the build- 
ing. He saw the building swaying in an east-west direction. This second move- 
ment lasted about three minutes. The movement stopped suddenly as if a brake 
were applied. 

The Mamu Bhanja tomb is about 276 years old. The entire structure was 
badly shaken. The turret on the north-eastern comer fell to the north and that 
on the north and both of those to the south of the tomb fell southwards. A turret 
near the north-eastern comer was twisted clockwise. 

Lalganj {25^ 52' : 85° lO')-— This town in the Hajipur subdivision is situated 
on the left bank of the Gandak, 12 miles north-west of Hajipur. Its population 
in 1931 was 9,192. 

Lalganj was the worst affected t(^wn in the Hajipur subdivision. A largo 
number of kutcha-pucca buildings collapsed either partially or totally, many others 
were badly cracked. Mud huts suffered similarly, both in the town as well as in 
the villages on both sides of the road from Hajipur. The spire of a Siva temple 
south of Lalganj was twisted 15°-20‘^ in an anti- clockwise direction about six feet 
from the top, and the broken portion moved slightly to the north. In a few two- 
storey kutcha-pucca houses at Pranganj the northern and the southern portions 
collapsed, leaving the eastern and the wostora walla standing but heavily cracked 
by cross fractures. The low lands were riddled with sand vents. ■ Buildings were 
badly damaged over an area of three miles from Lalganj at such places as Yusuf pur, 
Kamalpur, Jalalpur, Khan Jahan Chak and Daudnagar. 

Darbhanga district. 

Pusa Road , — This small way-side station on the B. & N. W. Railway is 24 miles 
from Muzaffarpur, eight miles from Samastipur, and about five miles from Pusa, 
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The station building received a few cracks and the floor of the parcel room was 
inimdated with sand and water which issued from Assures. The western end of the 
station platform was traversed by a fissure a few inches wide and aligned N.16°W. — 
6.16°E., and from which some fine sand issued. Sanding took place on the ad- 
jacent ground and a shallow tank west of the station was filled with sand and water. 
The Station Master reports that the shock came from the north at 14.20 hours 
(I. S. T.) ; it lasted for three minutes and he heard a rumbling noise like that of a 
motor car in motion. The railway line was buckled slightly up and down and also 
laterally. Outside the station promises a few cracks appeared in the walls of the 
few kutcha-pucca houses, and plaster feU. Only one house about IJ miles oast of 
the railway station was reported to have collapsed. 

Samaetipur (25° 62' : 85° 48'). — ^This headquarters town of the subdivision 
of the same name is situated on the south bank of the Burhi Gandak. Popula- 
tion in 1931 was 1,931. 

About one-third of the two-storey buildings at Samastipur either collapsed or 
were badly cracked ; the area between the river bank on the north and the railway 
on the south was the worst affected. The maximum destruction was confined to 
the bazaar area, where a number of two-storey buildings, mostly kutcha-pucca, 
partially collapsed and others were. badly damaged; about 30-40 per cent, of the 
buildings in the bazaar either collapsed or were badly damaged. Most well-built 
stnictures escaped with minor damage, e.g,, the Court buildings and most of the 
buildings south of the railway line. The sugar factory north of the railway line 
was badly damaged both by actual shock and by ground fissures striking N.W. — 
S.E.; the upper 40 fwt of the 140 feet high masonry chimney fell towards the 
N.N.E., and the boundary walls aligned east-west fell either to the north or south. 
One of the gate pillars at a railway bungalow fell north-east. At a mosque south 
of the cemetery a turret fell due west, another fell S.20"W. The bell at All 
Souls’ Church was flung from a height of 30 feet above the ground to a distance 
of 20 feet in a direction S. 36° W. ; a brick cross was thrown in a similar dircc- 
tion. The church partially collapsed. Other imjxjrtant buildings which partially 
collapsed included the Roman Catholic Church, the European Club and the Muni- 
cipal buildings. The railway quarters and bungalows escaped but most of the sheds 
of the railway workshops suffered. In the majority of cases long walls aUgned 
W.N.W. were bodily pushed a few inches in a southerly direction above a height 
of 1^-2 feet from ground level. The railway bridge on the Burhi Gandak was 
damaged but the floating bridge escaped. Fissures, together with ejected sand, 
occurred at several places in Samastipur both north and south of the railway line ; 
at the polo ground a fissure several inches wide, from which sand was ejected, 
was 300 yards long and had a strike N.60°E. Sand was a foot deep at the 
northern end of the polo ground. Several weUs were infilled with sand. The 
clock of the Telegraph Ofi&ce stopped at 14.16 hours (I. S. T.). The Post Master 
heard a rumbling noise and he was knocked down. According to the Second Officer 
the main shock came from the west, travelled eastwards, and was accompanied 
by a rumbling noise. He was facing north and felt a swaying movement from 
side to side. The whole town, according to him, was without water for some time, 
as only two or three wells were functioning. After the main shock a little water 
remained in the wells but the water dried up within the next 24 hours. Fissures 
heul no consistent strike. 
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Bvscra Ghat (26° 46' : 86° 02').— This town in Oarbhanga subdivision is 
situated on the east bank of the Burhi Gandak just below its oonlluence with the 
Kamla (Baghmati). Population in 1931 was 8,869. 

About 30 per cent, of the kiUcha-pticca and kutcka buildings collapsed ; the rest 
of the houses were slightly damaged. In the majority of buildings which collapsed 
walls aligned oast-west fell, but in others north-south walls also collapsed. The 
station buildings and the quarters of the railway staff suffered but slightly. The 
solid brick- built globe on the top of the Khublalpurbe Temple fell towards the 
north-west and portions of the upi)er walls fell mostly towards the west and north- 
west. The lower walls fell mostly northwards. According to the Station MastcT 
the shocks came from the north at about 14.12 hours (I. S. T.) and travelled south. 
Three shocks were felt during the subsequent night. The Post Master was of the 
opinion that the shock came from the north-west sometime between 14.15-14.20 
hours. Most people in the bazaar agreed that the shock came from a north-westerly 
direction and was accompanied by a loud rumbling noise. Many people could not 
stand on accoimt of the violence of the shock. No sand or large fissures were 
noticed at Rusera, although these were present in the neighbouring villages. 

The railway bridge over the Burlii Gandak is about a mile west of Rusera Ghat 
station and is aligned cost- west. There are nine piers centred at 87 feet, the abut- 
ment spans being 40 feet. The measurements of one of the central piers are ; depth 
of the well 60 feet, height of pillar from river bed 43*75 feet, total height 103*75 
feet. The third and the fourth pillars from the east bank wore tilted south and 
weri' out of alignment V 6" to 2' OJ'" from their respective centres. The fifth was 
tilted about 2' 10'' towards the oast. The sixth pier was tilted 2' OJ" towards the 
south and the well was thrown out of alignment towards the south. The fifth and 
the sixth piore were on th(i lines of fissures which cut the west bank of the river, 
producing a downthrow of throe feet towards the east. The rails showed a 
maximum shift of 1 1" in an east- west direction. The bedstone of a 40 feet girder 
on the first pillar at the oast bank was thrown 12" towards the east and tJien 
heaved back three inches, so that the final dispiaeomont was nine inches towards 
the east. The directions of movement in this bridge wore north-south as well as 
west-east. 

Dalshigh Sarai (26° 42' : 85° 64'). — ^This large village in the Samastipur sub- 
division is 15 miles from Samastipur. Quito a large number of kutcha houses in 
the bazaar area collapsed. The upper storeys of about a dozen two-sboroy kutcha- 
pucca buildings with thatched roofs collapsed, and two or three such buildings 
totally collapsed. In all of these cases the north-south walls fell cither towards 
the east or the west, while the east-west walls were left standing. In some coses 
pillars fell oast or west, and the boundary wall, aligned north-south, of a house in 
the bazaar fell, but the east-west walls were standing. Several turrets on the roof 
of one house fell to the west and one fell east. The spire of an old temple fell in a 
south-westerly direction. In a number of cases the western side of a house was 
worse damaged than the other sides. The walls of several well-built pticca buildings 
were badly cracked. The indigo factory and the manager’s bungalow wore badly 
damaged, the bungalow chimney fell east. The cigarette factory was also consid- 
erably damaged. The Assistant Sub-Inspector of PoUce remarked that the shock 
pasted for about five minutes. 
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Proceeding north from Teghra by rail -very rare patches of sand vents and sand 
were noticed between Teghra and Baohhwara. No major damage was noticed at 
Bochhwara station, but a few dismantled buildings were seen in the village close 
by. Within a mil(^ north of Bachhwara sand vents and patches of sand increased 
in number followed by a fairly clear tract up to and beyond the bridge on the 
Balan river. 


iVlonghyr district. 

Teghra (26° 30' : 86° 54'). -This small village in Begusarai subdivision, about 
12 miles W.N.W. of the subdivisional headquarters, escaped somewhat lightly 
from the earthquake. 1’he few houses that collapsed wert‘ built of mud and brick 
and possessed thatched roofs ; no well-built kutcha-pacca buildings collapsed. 
The Dak bungalow was practically imdamaged as also was the Hospital. About 
half a dozen or so houses in the bazaar area collapsed and a few near the railway 
station wore cracked. Two of the turrets tm the eastern parapet of a mosque fell 
to the south and two such on the northern side fell to the west. The Sub-Inspector 
of Police, Babu Jitan Prosad, stated that the shock lasted for five minutes and 
started with a side to side movement which increased in violence. A deep rumbl- 
ing noise, like that of an aeroplane overhead, was heard simultaneously with the 
arrival of the shook. 

W.N.W. of Teghra and a mile west of Baohhwara station, some sand vents 
and cracks were noticed and a diversion had to be made on this account. 
Several huts and walls collapsed south of mile-post 141/1, near Mohiuddinnagar 
railway station. Further west, in a village between mile-posts 149/16-18, many 
mud huts collapsed. A number of mud huts oollai)sed near the railway station at 
Sahadai Buzurg, but the station building appeared to be unaffected. 

Begusarai (26° 26' : 86° 09').-- This headquarters of the subdivision of the 
same name in Monghyr district is about five miles north of the (iianges. Its popula- 
tion in 1931 was 7,739. In the bazaar area some kutcha-pucca and pucca buildings 
collapsed, especially the upper storeys of tall buildings, but the number was not 
large — certainly not larger than that at Khagaria. On the other hand, pucca 
and semi-pweea buildings at Begusarai wore more damaged than similar buildings 
at Khagaria. Begusarai was immune from ground fissures and emission of sand. 
From a comparative study of the fall of walls it seemed that the principal direction 
of ground movement was north-south. The Subdivisional Officer felt an up and 
down movement followed by a side to side movement and thought that the shock 
travelled from north-west to south-east. 

Begusarai subdivision . — Although included within isoseismal VIII a number 
of villages north of Teghra wore badly damaged. North of the Balan river practi- 
cally every house, mostly mud huts, had been more or less affected. Many wore 
razed to the ground. The effects of fissures in these, villages were negligible although 
in one of them, Bhawanipur, a few sand vents were noticed and several wells were 
choked with sand and fine silt. The level of the water in the Balan river was found 
to be three or four feet above Uw normal height for February. 

Khagaria (26° 30' : 86° 30'). — This town, in the north of the Monghyr sub- 
division, is situated along the river Gandak at a distance of about three miles from 
its confluence with the G^ges. Most of the damage in Khagaria was confined 
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to the bazaar area, which runs east to west parallel with the river, and here quite 
a larger number of houses collapscil and many were badly damaged. The build- 
ings thus affected were mostly kuU'ha-jJurra, of faulty workmanship and construct- 
ed of weak materials. Several newly built pwcca houses, both one- and two-storey, 
escaped damage, beyond slight plaster cracks. In most of the houses the walls 
aligned north-south collapsed, the east-west walls were left standing but cracked. 
In such cases the fall of the north-south walls took place mostly towards the east. 
Occasionally east-west walls fell. A large number of houses totally collapsed — 
the roofs falling vertically and the waits in all directions. Where the upi)er storeys 
had collapsed and the ground floors were left sttmding, the east-west were usually 
cracked more heavily than the north-south walls. The majority of cracks were 
confined to the oast- west walls. In some houses in the bazaar the south-western 
and the north-western corners collapsed. In the case of the boundary walls the 
number of north-south walls which fell either east or west mostly east- exceeded 
the number of the east- west walla, which fell either north or south. In one house 
four out of six pillars of tlie eastern verandah fell tow'ards the oast, while that at 
the extreme northern end fell to the north and that at the southern extremity was 
standing. In another house pillars fell to the west, while in the case of a house 
near the ghat some of the jiillars of an eastiTii verandah fell eastwards while that 
at the northern end fell to the north. In a Uunple neai’ the river bank, some of the 
pillars fell to the nortli and souk* to the w'est while others remained standing. Al- 
though kutcha-pucca buildings suffered badly, thatched houses built on timber 
frames survived the earth(|uake shock remarkably veil. 

If the total numbcT of luined houses is taken into consideration, it would appear, 
at first sight, that the shoc'k at Khagaria was very great, but recognising the pre- 
valence of weak structures the shock was much less intense than at Darbhanga 
or Muzaffarpur. Judgmg from the cracks in buildings and the fall of objects the 
shock had a strong westerly comjxment. Fissures and sanding oc'ciirred only along 
the river bank, running parallel to it, and in the surrounding low lands not very 
far from Khagaria. 

in the town itself no avcUs vere choked with sand ; the water level in wells rose 
soon after but later went down to normal. The Post Master rej)orted that the 
arrival of the first shock took place at 14.13 hours (I. 8. T.) ; the main shock lasted 
for about three and a half minutes and was heralded by prelimiuary shocks lasting 
for 15 seconds and followed by an aftershock lasting for one minute. Bottles on 
shelves in the Post Office fell eastwards. 

The Burhi Gandak railway bridge, about two and a half miles south-west of 
Khagaria, has seven piers between the two abutments and is aligned !N.25''W. — 
S.26"^E. The fourth pier from the south bank was era<.‘ked at a height of 12" 
from the shoal on which it was standing at the time, the bottom por4;ion was shifted 
in a direetion 5° W. of N., a distanee of one foot. The moasuremonts of the pillar 
are as follows ; — Cross section 21 feet by 9 ft. 6 in. height of the pillar above the 
water level 30 feet, from the top of the rail level to the top of the well 44*70 feet, 
height between the top and the bottom of the well 90 feet, load supported by the 
pillar 67 tons approximately. The toji of the well was about 15 feet below the 
water level at the time. The first pier from the north bank was cracked about 
three feet above the sandbank but it did not move and there wore two vertical 
cracks four feet high. 
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Purnea district. 

Araria (26’’ 08' : 87® 24'), true, nami Bamntpur , — ^This town is tho headquarters 
of tho subdivision of the same name in the north-west of Pumea district, and is on 
tho right bank of the Panar river. The damage was not great, almost all the pucca 
buildings were unaffected except for slight cracks. Damage was confined to poor 
structures and only one very old house collapsed. Most houses built of bamboo 
and thatched huts were unaffected. Tho damage was mainly along the Panar 
river, east of the village, and there were a considerable number of fissures along 
the river bank. 

Several roads radiate from Araria. Along the road r unning almost due south 
from Araria to Pumea there were no sand vents and rare fissures. Several timber 
pile bridges were damaged on the road to Raniganj, west of Araria, because of the 
upward movement of tho piles, but screw pile bridges appeared to be undamaged. 
At Joki Hat, east of Araria, the District Engineer reported the collapse of tho 
Inspection bungalow. North of Araria two steel girder bridges span the river, 
and piles in these instances wore badly out of line. At Madanpur three pucca 
houses developed small cracks in the walls and further north a few ground fissures 
were seen with a little ejected sand. On the Jogbani rail line, north-west of Araria, 
most of the fissures ran across the line and, according to the District Traffic Manager, 
wore aligned N.E. — S.W. Near Jogbani the screw pile bridges wore damaged 
by the piles subsiding and tho river banks closing in, causing girders to drop. The 
bridge near Forbesganj had masonry piers, the central ]>ior subsided bringing down 
the girders. In this case there was very little cracking of the piers. Rails were 
bent in certain sections of the line away from the bridges, and many sleepers moved 
as much as four inches either way. 

Bhagalpur district. 

(25 ’ 52' : 8()’ 112'). — At this very ancient village, about five miles we.:.t 
of iSaharsa, fields were overrun by fissures and sand vents. All tho wells wore 
clicked with sand and the few pucca houses wore erackeil, the walls of two of them 
collapsing. Thatched mud huts were also damaged. The thana was cracked but 
the hospital was not damaged. Both sides of the District Board road from Bangaon 
northwards were overrun by sand vents and fissures as far as Panchgachia. Some 
of these vents wore quite large. 

Saharsa (26° 63' : 86° 36'). — In this village four pucca buildings collapsed and 
others were cracked, but not badly. The P. W. I). Insjicction bungalow, a fine 
building, had a few cracks on tho north-south walls. The school building was 
badly cracked and the walls were leaning either to tho north or to the south ; 
tho southern verandah collapsed. Cracks in tho ground ran east- west. Tho 
American Mission Church, a fine pucca brick building, was undamaged, except for 
a few tiles of the roof which fell, but the bungalows were cracked. 

Kishanganj (25° 41' : 86° 68'). — This village, about five miles W.S.W. of Behari- 
ganj, was formerly the headquarters of Thana Kishanganj, but owing to the en- 
croachments of the river Kosi the thana was shifted elsewhere. The walls of a 
few pucca houses were cracked. No collapse of houses was noticed. 

Alamnagar (26° 34' *. 86° 66'). — This village is situated about seven miles south- 
west of Kishanganj. A few £>ld pucca houses collansed. Traces of many fine tanks 
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and the earthenwork ramparts of forts built by the Chandil chiefs, the former 
owners of the land, are still visible. 

Phulaut (26° 33' : 87° 00'). — ^About four miles S.S.E. of Alamnagar. Three 
or four old pucca houses collapsed in this village. 

Darjeeling district. 

Darjeeling (27° 03' : 88° 18').- The summtT capital of the Government of 
Bengal and the headquarters of the district of the same name, this town is situated 
in the Lower Himalaya and has a total area of nearly five square miles. The 
difference between its highest and lowest points is about 2,000 feet, Katapahar 
being 7,886 feet and Lebong 6,970 feet. The town is situated on a long narrow 
ridge with great valleys, 4,000 to 6,000 feet deep, on either side, a number of small 
spurs projecting from the flanks. 

The town was severely shaken during the Assam Earthquake in 1897, and 
experienced a great landslip in 1899. Time records for the 1934 shock, obtained 
from railway stations and telegraph ofiiceB, varied from 14.10 to 14.16 (I. S. T.) 
for different parts of the hills, but there was some agreement for 14.14-14.16. The 
early tremors were followed by a succession of waves of considerable amplitude 
and long period ; there was a general consensus of opinion that the first shocks 
were west-east, followed by roughly north-south and later by a distinct gyratory 
movement of the ground. There was no clear proof of any vertical movement. 
At the Darjeeling Cemetery a marble cross, 2^ feet high, was tilted 10° to the west, 
another near it was rotated 6°, only one large cross, rather loosely set in a socket 
in the base, was thrown bodily to the N.N.W., and another heavy marble orna- 
ment was tilted 10° N.N.E. 

Loose objects, such as statues, fell from their pedestals in various directions 
impartially at the St. Joseph’s College, but a slender masonry chimney, 12 feet 
high, in the same building was standing. Two pianos, placed against opposite 
walls in a room in Mt. Harman S(*hool, were propelled forward, coming to rest in 
the middle of the room and meeting at an angle. From a room in the Mt. Everest 
Hotel the liie w^as hurled out of the hearth in a southerly direction. At the Singa- 
mari House, three cupboards were overthrown and fell forward, each one in a 
different direction, the contents of one of these being shot out in a direction rather 
diagonal to the fall. Two iron bedsteads were thrown out bcxlily through the 
broken east-facing wall of a room in the uppiT storey of a bungalow in the Jala- 
pahar Cantonment. A chimney in an adjoining bungalow fell towards E.20°S., 
and another close by was broken and its top portion rotated on the base in a 
clockwise direction. 

Houses were damaged by bulging and collapse of the east-wi st walls, allowing 
the eenti'e and the roof to subside or fall bodily. Cracks in the houses generally 
gave no sure guide as to the nature and direction of the earth movements felt at 
Darjeeling. Much of the damage to houses still standing was caused by massive 
masonry chimneys falling in all directions, crashing through the roofs and upper 
floors. The destruction of buildings such as the Government House, Campbell 
Cottage, Rockville Hotel, the Cantonment buildings of Jalapahar and Lebong, 
Burdwan House, the Jail, the Government High School, and to a lesser extent the 
Kutchery, the Gymkhana Club and the Planters* Club, Collinton, etc., could be 
ascribed to age, weak construction and poor foundations. The majority of these 
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buildings wore old, they wore constructed of heavy, undressed stone-masonry set 
in mud or in poor quality mortar, while their foundations were often laid in loosely 
aggregated sub-soil. 

In the area of maximum damage, even in the midst of fallen houses, ferro- 
concrete structures stood almost unharmed, as also did well-constructed recent build- 
ings of brick or dressed stone. The Katapahar bungalows, which are more recent 
than the Jalapahar buildings and which have their foundations on an outcrop of 
solid rook, escaped wreckage. Stephen Mansion, a tall, four- to six-storey 
re-inf orced concrete building, perched on the edge of a khiid, withstood the shocks 
almost completely undamaged ; such also was the case with the new Victoria 
Hospital and the St. Paul’s Scho(>l, whore the only damage was the fall of a chim- 
ney or two and some waU-cracks. The bazaar and Chandmari quarter of the town, 
with its recent well-built cement houses, escaped any material harm. 

Visible damage to buildings was largely confined to the immediate vicinity of 
fisRuring in the ground, the j)art of the town to the west suffering much more than 
the area to the east. Wliilo the chief damage to the main ridge seemed to have 
been due to earth-waves which proeeedeil fr(»m a westerly direction, in the spurs 
a roughly north-south rocking of the ground was ap})areiitly responsible tor the 
major part of the destruction. 

The most noteworthy effects of the earthquake were confined to the crest of 
the Darjeeling ridge and its outlying spurs, mostly on the western side. A ground 
crack, or rather a series of more or less unidirectional, inte^rmittont cracks, roughly 
N.N.W.- S.S.E., could bo traced along the main ridge from the Mt, Harman 
School, through Birch Hill and Government Ho\iae from where it continued, after 
a slight change in orientation (N.16°E. — S.16"W.) to as far as the Medical Officer’s 
bungalow in the Jalapahar Cantonment. The crack did not extend to Katapahar, 
The fissures on the crest of the spurs had varying directions and were generally 
oblique to the crack in the main Darjeeling ridge. Those traversing Batasia spur 
wore aligned N.N.W.— S.S.E. ; tho Bloomfield Police Lines had an E.S.E.— 
W. N.W. fissure with a subsidence of five to eight inches on the north side ; a 
longitudinal crack was traced along the crest of the Rose Bank spur in a W.N.W. 
to E.S.E. direction, extending towards Sidraphong ; the Jail and the Govern- 
ment High School spurs had a scries of branching cracks, while the long northerly 
Lebong spur was cut by another series of parallel cracks, trending N.20°W., gener- 
ally three to four inches wide, with local sinking of about six inches on the 
eastern side of the crack. Both series of cracks varied from one-third of an inch 
to three or four inches in width. Occasional local subsidence along them was 
due to differential sinking or compression of the loose sub-soil. A close examin- 
ation of the cracks, especially on the main Darjeeling ridge, showed them to be 
superficial and restricted to the top layers of the eub-soil. 

Darjeeling HiUa area . — The tea gardens and estates, scattered over outlying 
westerly and south-westerly spurs of the Darjeeling hills, sustained considerable 
damage to property. A number of tho older bungalows of heavy stone masonry 
were either shattered and in part collapsed, or were uninhabitable as a result ^ 
extensive cracking. Ground fissures, one or two of them over a mile in length, 
wore reported to have formed along the spurs. The railway station at Tindharia, 
situated on a bad site at the head of a steep hhud, and built on poor foundations, 
yras badly wrecked. ‘A ground fissure, over 300 ^ards long, trending N.E.— 
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was observed beneath the station yard. Cracks parallel to this traversed the 
station building. The railroad between Tindharia and Kurseong, along with a 
eonsiderable area of ground in the Teesta Valley to the east, was practically in 
an earthquake shadow. 

Kurseong, though strongly shaken, did not suffer appreciable damage, a fact 
which may be attributed in largo measure to its houses being more commonly 
founded on rock or firm ground. 

At Rim beck the school collapsed together with parts of the walls of yucca 
buildings. Most of the village is built of timber and was undamaged. 

At Budhwari (27'^’ CMi' : 88*^’ 07') then' were cracks in the police quarters, but 
the wo(Klcn houses esenped damage. 



CHAPTER XIX, 


ISOSEISMAL Vni, SOUTH OF THE OANOES. 

Patna district. 

Dinapore (25® 38' : 85° 03'). — This town, the headquarters of Dinapore sub- 
division, is about six miles west of Patna. Dinapore is also a divisional headquar- 
ters of the East Indian Railway and the military headquarters of the Patna 
district. 

The damage at Dinapore was rather less than at Patna. Verandahs, roof 
copings and porches collapsed, and walls, particularly over arches, were badly 
cracked. In the cemetery the movements were sufficiently severe to crack and 
displace portions of obelisks ; in one case the top of an obelisk 12 feet high and 
three feet by six feet at the base was rotated 1-6 inches anti-clockwise above a 
plane four feet from the base. 

Faivoa (25° 30' : 86° 19'). — This village in the Barh subdivision had a popula* 
tion of 9,393 in 1931. The village suffered no great damage. Such semi-^mcca 
buildings, os the school and station, were cracked by east-west movements, and 
some roof copings fell. 

Bakhtiarpur (26° 27' : 86° 32'). — few buildings were damaged by cracks. 

Bikram (26° 27' : 84° 61'). — This small village in the Dinapore subdivision showed 
the unusual feature, for south of the Ganges, of ground fissures and sand vents with 
Bubsidence of buildings. In the thana building the direction of the cracks indi* 
rated east-west movements. From small groimd fissures within a few feet of the 
thana, sand and water was emitted up to a height of three feet. Water in the 
well in the thana compound rose to the surface and overflowed and the well was 
filled with sand when the water subsided. The well was brick lined and the usual 
water level is 20 feet below the surface. In some places water emerged for about 
live minutes after the movement. Another well was smashed and the brickwork 
broken. A fault striking east- west and 160 yards long followed one side of the 
road in the bazaar ; the ground to the north sank four feet taking houses with it. 
Water and sand spurted from this fissure up to a height of four feet. Another 
fissure in the road also had sand and water vents along its course. From still 
another fissure considerable sand and water were thrown out to a height of six 
feet, for about six minutes, after the quake had stopped. The fissure crossed the 
District Board road and caused subsidence on both sides of it. Most of the vil- 
lagers agreed that the movement was definitely east -west. 

Hilsa (26° 19' : 86° 17'). — ^This village in Bihar subdivision is 13 miles south 
of Fatwa. Buildings were slightly cracked, and four houses out of one hundred 
collapsed. The movements were mainly east-west. 

Bihar (25° 11' : 86° 31'). — This town, from which the name of the Province 
is derived, is the headquarters of the subdivision of the same name and had a popu- 
lation in 1931 of 46,994. 

Many buildings were quite severely cracked and a few hukha houses collapsed. 
The damage placed the town on the edge of isoseismal VIII. Most of the buildings 
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were old, but the General Hospital, built in 1926, had large oraoks in all the walls, 
especially on the northern and southern sides. Occasional verandahs and roof 
parapets collapsed. The general opinion of the hospital staff was that the move- 
ments took place S.E. — N.W. 

Luckeeserai (25° 12' : 80° 06'). — This small town in the Monghyr subdivision 
is situated on the western bank of the Kiul river, a tributary of the Ganges. 

laickeoserai was only slightly affected. North of the town some small fissures 
and sand vents wore arranged parallel to a nidla or ditch about 80 feet wide and 
8 feet deep. A little sand and water was ejected during the opening and closinjg 
of the fissure, to a height of five feet according to a villager. Other cracks to the 
north discharged water. On the site of an old well, now infilled, water rushed 
out to a height of four feet. The water spurted for two minutes and continued 
to well up gently fur some hours. During the shook the Kiul river, which flows 
north and has a very strong current, became very turbulent. In the bazaar, roofs 
of a few verandahs foil aiid n few walls collapsed. Most of the movements in the 
bazaar were east-west. In sorne of the better buildings such as the Thana, Registry 
Offic(*, Dak bungalow and station buildings, cracks wore developed in the walls. 
The roof coping on the western side of the railway station fell. The Station Master 
remarked that the waUu’ in the river near the bridge receded from mid-stream 
towards the banks and sand was thrown up from the middle. Small sand vents 
and eraeks formed on the banks near the bridge. 


Bhagalpur district. 

Hhagalpw (25' 15' : S7° 00'). — This is the chief town and the administrative 
headquarters of the district of the same name. Its population was 83,847 in 1931. 

The damage at Bhagalpur was similar to but of less intensity than that along 
the river front at Patna. Portions of buildings collapsed, many were so severely 
crackc^d as to bo completely ruined. The greatest damage took place close to the 
nver, the intensity rapidly diminishing southwards. A certain amount of damage 
was done to light buildings in the bazaar but not comparable with the damage 
suffered by heavy government and private buildings. The Church, the Criminal 
Court buildings, the Executive Engineer’s residence (old Burdwan House on jack 
arches), the Commissioner’s office and part of the roof of his house, the Judge’s 
(>nirt, the District Board office, the Local Board office, portions of the jack arched 
roof in the Central Jail, the old Circuit bungalow, the old Post Office, the Training 
School, the Mimsiff’s Court, the railway station, the railway offices (where two 
persons were killed), the C. M. S. School and the Club House wore seriously dam- 
aged ; many of these buildings collapsed in parts. A large numlier of old private 
buildings suffered similarly, such as the house of Rai Bahadur Dip Narayan Singh, 
Raja Sib Chandra, the late Babu Chandra Sokhar Sarkar, the late Babu Suryya- 
narayan Sinha, Rani Chandrabati and the fine newly built two-storey house of Rai 
Bahadur Suhhrtaraj Rai. The old T. N. J. College buildings as well as the newly 
built T. N. J. College building (built in 1920-21) near Champanagar, and the C. 
M. S. School were also badly damaged. There were few oases of houses levelled 
to the ground. Some fine built structures, such as the new Circuit House escaped 
with no more than occasional faint cracks. The clock of the tower ne€u- the hos- 
pital stopped at 14-16 hours (I. 8. T.). Time records vary from 14-16 to 14*20 
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hours (I. S. T.). The noise, accompanying the tremor, was variously described 
as resembling a ground roller moving on a concrete floor, ‘ muffled guns or a 
‘ heavy lorry ’ on the road. The Principal of the C. M. S. High School said that 
the school clock tower definitely swayed in a W. N. W. — E. S. E. direction. The 
verandah pillars fell west and a pillar near the school fell towards E. S. E. Most 
of the fountains at Mr. Dip Narayan Singh’s house fell towards the east and all the 
ornamentations were broken and fell east. The verandah pillar of the house also 
leant towards the east and a portion fell. The Headmaster of the Zilla School 
said that the school building rocked definitely in an cast-west direction. The 
top ton feet of the tall chimney at the Shaw Flour Mill fell towards the east. All 
the pinnacles around the English church walls crashed and fell towards the east. 

As a rule north-south walls crashed rather than cost-west walls. Many objects 
free to fall in any direction fell to the cast, but occasional pillars were tilted to the 
west. Clocks with cast-west swinging pendulums were not affected, but those 
placed in other directions stopped. The evidence throughout the town indicates 
clearly an oast-west to E. S. E. — W. N. W. direction of movement. Bhagalpur 
is on a thick, highly compact, yellow clayey loam, which served as a rigid founda- 
tion to many of the river-side buildings, accounting for the absence of ground 
cracks. According to the Statesman five persons were kiUed and 30 injured at 
Bhagalpur. 

Sultanganj {25° 15 ' : 86° 45')* — This small village in Bhagalpur district is situated 
close to the south bank of the Ganges. There are two outcrops of granite gneiss 
on one of which at the river bank there is a Muhammadan mosque. The second 
and larger one is occupied by a temple of Ghaibnath Siva. About a quarter of the 
houses at Sultanganj totally collapsed and the remainder were cracked. Houses 
near the river suffered far more severely than those further south. Of the houses 
that collapsed, the majority fell towards the west. All these houses were built 
entirely on alluvium. Mud huts were the least damaged. The water tower near 
the river bank at the north-west comer of the town was badly fractured near the 
base and was loaning towards the east. A gate at the H. E. School fell to the 
oast as also did parts of the tower. At Sultanganj, the east- west movements were 
very prominent. 

I’he temple of Ajgaibi Nath situated on an outcrop of gneiss fo rmin g an island 
in the river was quite undamaged, not oven cracked, but the roof of the small 
dharamsala fell. The temple was built over 136 years ago and is older than the 
mosque. The Sultanganj Sahi mosque, not quite so old as the temple, is also built 
on gneiss at the edge of the river, which flows along its northern and western foot. 
The building fell away on the western side, especially at the south-western comer. 

Ghogha (25° 12' : 87° 12'). — At this small village, 13 miles cast of Bhagalpur 
the intensity of the shock was not great. East of Bhagalpur the intensity dimi- 
nished gradually. The roof coping of the railway station, on the eastern wall, 
fell down. There wore diagonal cracks in the north-south walls, especially at 
the eastern end. The station cabin was also affected in the same way and the 
eastern and the western walls were cracked. 

Colgong (25° 16' : 87° 14'). — At this small town on the right bank of the Ganges 
there are several detached patches of gneiss. Very few stmeturos coUapsod here, 
but the fracturing was severe. Stmetures built on sofid rock were much less 
damaged than those built on alluvium. The movement was apparently more in 
a north-west direction than at Bhagalpur. 



CHAPTER XX. 


ISOSEISMAL VH, NORTH OF THE CANOES. 

Champaran district. 

Lauriya Nandangarh (27° 00' : 84° 24'). This small village in the Bcttiah sub- 
division is situated some 14 miles noith-west of Bettiah. The village contains 
the well-preserved Lion P/llar of Asoka which, although over 2,000 yards old, is 
in an excellent state of preservation and its massiveness and exquisite finish afford 
striking proof of the skill and resource of the masons of Asoka’s time. The shaft 
is formed of a single block of polished sandstone, 32 feet inches in height, with 
a diameter of 35*5 inches at the base and 26*2 inches at the top. It supports a 
boll-shaped capital six feet tem inches high, surmounted by a circular abacus sup- 
porting the statue of a lion. The pillar remained undamaged except that the 
lion is reported to have shifted on its axis in an anti-clockwise direction. 

The village was not badly affected. Towards the north-west the decrease 
in intensity outwards from the epicentral tract was more rapid than in most other 
directions. This rapid decrease in intensity is partly intrinsic but partly also 
apparent, since the clay soil appears to have had a damping effect. The 90 feet 
high brick chimney of the Lauriya sugar factory, built some 27 years ago and re- 
cently condemned, escaped without a crack. The old sugar factory, built of brick 
set in mud, was scarcely affected. In Mr. Bird’s house, water swilled out of a 
glass fish container towards the north. 

Saran district. 

Siwan (26° 13' : 84° 21'). — This town, the headquarters of the subdivision of 
the same name, is situated on the oast bank of the river Laha. Its population 
in 1931 was 14,216. 

Siwan was unaffected by fissures or discharge of sand. Few houses collapsed. 
Damage to buildings consisted mainly of cracks in both north-south and cast- 
west walls. Several turrets were thrown in an easterly direction. Two double 
storey buildings were heavily damaged, and the upper storeys of two houses par- 
tially collapsed. The Criminal Court and the Jail buildings were slightly damaged. 
The masonry globe supported on a marble canopy of a Shiva temple was projected 
to the north. A sandstone slab resting on the uppermost spire of Shubharat Shah’s 
temple, and supporting copper globes resting one above the other surmounted 
by a copper flag, was twisted in a counter- clockwise direction. A globe on the 
turret on the north-eastern comer of a mosque was cracked near the base and leaned 
towards the north-west, another on the south-eastern comer mot with a similar 
fate and loaned towards the south-east. Several turrets on the eastern side of 
another mosque fell to the east. 


Purnea district. 

North hank of the Ganges . — On the north bank of the Ganges, opposite the 
Bhagalpur-Sahebganj tract, the earthquake effects were not of appreciably greater 
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intenRity, although a sharply marked increase in the intensity became perceptible 
wpstwardR of Thana Bihpur. Between Katihar and the latter place, however, 
no considerable damage was observed either on the railway line or in the villages 
but the absence of masonry stnjctures, except railway stations at intervals of 
seven to nine miles, made it difficult to observe the effects in the soft, much-culti- 
vated alluvium and t.o assign values to their intensity at different places. At 
Naugachia boni(‘ jmem buildings, with an east-west long axis wen^ much affected ; 
walls facing south bulged out and become detached at the curnci's, though the 
railway station and staff (|iiarterH witc uuharmeil. Some cracks devidojied along 
nuUta and river beds. At Kursela the effects were not jironounced, a solitary 
masonry ar< h, If) fe(*t high and 10 feet in span, was standing intact. At Katihar, 
scarcely any earthquake ctTt*cts were percruved, their absence being remarkable 
in view of the damage* in the areas to the north and west. Tlie slender minarets 
of a masque were intact, so also were the chimneys of the factories, which sustained 
a few wall cracks. In the country lying between Katihar and Parbatipur the 
intensity of the shock steadily diminished. 

Katihar (25° 30' : 87° 36'). — This large village is situated about 18 miles south 
of Pumea, and had a population of 15,864 in 1931, excluding the railway settle- 
ment, the jiopulatioji of which was 3,054. It is the chief railway centre in the 
<lislriet, being an important junction of the B. N. W. Railway and the Bihar 
section of the Kastif^rn Bengal IlniKvay. 

The slight damagi* at Katihar indicates how ra}»idly tfie earthquake effects 
flimmished east and south of Purnca. A few small cracks appeared in buildings. 
The Sub Inspector of Police felt h N.K. — S.W. movement. The brick piers of 
the Kosi bridge, three miles west of Katihar, subsided slightly. Slight cracks 
apjieared in buildings in the villages oast of Katihar. 

Kishanganj (26° 06' : 87° 56'). — ^This town, the headquarters of the subdivision 
of the same name, had a population of 8,946 in 1931. 

Proceeding east from Pumoa towards Kishanganj the road, after about three 
miles, showed no certain signs of any damage. One or two depressions which 
might have b(*en caused by the earthquake were occasionally noticed up to about 
the 16th mile. Kishanganj itself did not suffer from any noteworthy damage. 
Only the thana, the jail, the Sub-Registrar’s ofhoo and the Munsif’s court were 
slightly (Tnx'ked. The south-western end of the hospital was badly cracked and 
had to be pulled down. There were no ground hssuros in the village. The Sub- 
divisional Officer stated that the movement was definitely oast-west. 

Tslampur, a village about 20 miles north-east of Kishanganj, and Thakurganj, 
about 13 miles N.N.W. of Islampur, wore affected about the same as Kjshanganj. 

Huhadurgavj (26° 15' : 87° 49').— This village is about 14 miles from Kishanganj 
in a north-westerly direction. Some of the buildings were badly cracked. The 
Sub-Registrar’s office, a hitrJia pucca structure, was damaged. The hospital was 
slightly cracked as also the Inspection bungalow. The Sub-Inspector’s quarters 
were condemned. Several very small fissures, up to ten feet in length, were present 
around Bahadurganj but no sand was thrown out. 

Dighalbank, a village at the extreme north of Kishanganj subdivision and about 
12 miles north of Bahadurganj, suffered to the same extent as the latter village. 



CHAPTER XXL 


ISOSBiSMAL Vn, SOUTH OF THE QANQES. 

Gaya district. 

Qaya (24° 49' : 85° 01'). — ^This town, the administrative headquarters of Gaya 
district, is situated on the western bank of the Phalgu. The town is divided into 
two parts — ^the old town of Gaya and the modem administrative town of Sahib- 
ganj, laid out at the end of the 18th century and containing the civil offices, resi- 
dences of government officers and business men of all classes, and public buildings. 
The modem town with its straight, broad streets contrasts strongly with the old 
town, riddled with narrow lanes and crooked alloys, ‘ flanked by tall masonry 
houses with overhanging balconies or frontages of carved woodwork black with 
smoke and age *. 

The intensity of damage around Gaya was slightly greater than in places both 
to the north and south. The worst affected portion of the town was Gayawal- 
bigha, whoi-e many mud huts with heavy tile roofs fell. At the gaol the upper 
parts of two three-storey blocks were badly cracked. The old portion of the town 
near the Vishnupad Temple was seriously affected ; many buildings in the town 
were cracked and a few porches foil. At Nazraganj a few houses along the river 
were damaged ; some houses, 200 years old, and built of narrow bricks, were un- 
damaged. A verandah on the western side of Andar Gaya, the oldest pari of 
Gaya, fell. Some very old buildings, built 400 years ago, and previously cracked, 
collapsed. Many tall buildings had to be abandoned. Part of a house in the Civil 
lines fell to the west, but most of the well-built structures received only a few 
cracks. The dominant movement in Gaya was east-west ; a monument in the 
compound of the Collector’s Court was fractured horizontally by an east-west 
movement. The District Magistrate was definitely of the opinion that the first 
shocks were east-west and then changed to N.W. — S.E., and the Superintendent 
of the Hospital observed that the movements were east-west. There were five 
deaths (according to the StcUeeman 10, and over 60 injured) in Gaya and 34 in the 
district. For some time there was complete dislocation of the electric lighting, 
telegraph and telephone connections. The Staiesman reported that the bed of the 
River Phalgu, which is ordinarily a dry bed of sand, gushed water and sand. 

Bodh Qaya . — Six miles to the south of Gaya, was the scene of Buddha’s great 
enlightenment under the shade of the Bodhi tree, the site of which can still be 
traced. The great Mahabodi temple, over 2,000 years old, is held in great venera- 
tion by Buddhists and Hindus alike. The cop]Xjr ornament on a pinnacle of the 
temple bent over eastwards. The east-we^t walls were cracked and the roof moved 
1 J inches to the east from the western wall. On the top floor a western wall fell 
towards the east and a roof coping fell east. The ornament at the top of the Bodh 
Mandir fell to the south ; otherwise no damage was done to the temple. There 
were slight east- west crooks in some of the walls. 

Santal Parganas. 

Deoghar (24° 30' : 86° 42'). — This is the headquarters of the subdivision of 
the same name. Deoghar is in the same zone which includes Dumka, the 
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headquarters of the distriot, the intensity being slightly higher than that of places 
to the north and south. Buildings were damaged by the usual wall craoks, over 
arches, doors, windows, etc., and roof beams pulled away slightly from the walla 
in some oases. The movements were dominantly east — ^west. The SubdivisionaJ 
Officer was on tour in the subdivision but felt the movement to be east-west. 

Nunihat (24° 29' : 87° 08'). — ^This is a small village near the Lagwa hills on 
the borders of the Deoghar subdivision. The Inspection bungalow sustained a 
few slight cracks. An adjacent ornate bungalow was unaffected. 

Hansdiha (24° 36' : 87° 05'). — A few cracks were present in the bungalows. 

Dumka — Naya Dumka (24° 16' : 87° 16'). — ^This is the headquarters of the 
Santal Parganas. Dumka falls within a narrow zone of increased intensity, run- 
ning roughly W.N.W.-E.S.E., and enclosed within the main isoseismal VII. The 
damage within this zone was sufficiently great as to mark it off from the rest of 
isoseismal VII. There was a general consensus of opinion that the first move- 
ments were oast — west, later changing to north — south. One person related how 
he stood outside his house, a long structure aligned east-west and with a galva- 
nised iron roof, and saw ripples six to eight inches high run along the roof ! He 
was definite that they moved from east to west. Another person stated that he 
first hoard a noise coming from the west. The Deputy Commissioner’s bungalow 
was fractured by east-west movements. The roof had to be taken down. Other 
buildings, such as the Police Sergeant’s bungalow, Mr. Dixie’s house, St. Andrew’s 
Church, Treasury and Sessions Court were somewhat cracked, some roof parapets 
collapsing. The Circuit House, Post Office and P. W. D. Office were unaffected. 
Movements at Dumka were mainly east — ^west. 

Santal Farganas south of Bhagalpur. — South from Bhagalpur it was obvious 
that the damage diminished very rapidly indeed and the intensity was immediately 
reduced to VII, indeed, especially on the Gangetic flats, the intensity might almost 
be placed at VI. At Dumka, however, some moderately good bimgalows were 
rather severely cracked and the intensity there was rather high. Similarly at 
Deoghar. It was difficult to compare Deoghar and Dumka as the buildings at 
Deoghar are rather older, more kutcha (or less pucca), but judging from the very 
slight cracking in the well-built station verandah, and comparing it with the ab- 
sence of cracking in the best built structures at Dumka it may be said that at Deo- 
ghar the shook was a little more intense. 

Comparing Rampur Hat with Deoghar, it was obvious that Rampur Hat 
got off lightly, notwithstanding that knticha-pucca bungalows were more severely 
damaged. The P. W. D. bungalows were rather less damaged, and the station 
showed no sign of cracks — these may be compared with the better structures at 
Baidyanath Dham station. 

A very noticeable feature throughout was that heavy P. W. D. structures 
showed worse damage than the light structures of the bazaars. This was obviously 
due to the heavy structures being unable to adjust themselves to the rapid move- 
ment of the foundations and was not necessarily due to bad foundations. Al- 
though the P. W. D. structures were cracked, they rarely collapsed, in contrast 
to the kutcha-pucoa structures, which when once cracked frequently became ruined. 



CHAPTER XXIl. 


ISOSEISMAL VII, SOUTH OF THE QANQES. 

Shahabad district. 

Arrah (26° 34' : 84° 40'). — Thk town is the headquarters of the Shahabad dis- 
trict. The population in 1931 was 48,922. Buildings were damaged mainly by 
wall cracks and the occasional collapse of ornamental work. The Civil Court 
building and the Bar Library collapsed. In the bazaar several buildings, mainly 
old and of Icutcha-pucca construction, collapsed and parts of other buildings fell. 
Six people wore killed of which four were in one house. New buildings were un- 
damaged. The Subdi visional Officer remarked that the movements wore west- 
oast, a view supported by others. In the S. D. O.’s bungalow bottles in an almirah 
facing east, on the western side of a room, fell east, on to the floor. Slight local 
subsidence of the ground was noticed. 

Sasaram (24° 54' : 84° 00'). — This town, a subdivisional headquarters in the 
Shahabad district, is situated two miles from the northern escarpment of the 
Kaimur hills. The town sustained very little damage. The courts, built of sand- 
stone, were undamaged. Some of the official quarters were slightly cracked, in- 
cluding those of the Superintendent of Police and the Second Officer. Tiles came 
off the roof of the Munsiff’s house. The S. D. O.’s quarters wore badly cracked 
and some plaster fell. Three deaths took place in the bazaar owing to the collapse 
of a verandah. 

Dehri-on-Son (24° 64' : 84° 12'). — few minor cracks appeared in the build- 
ings. 

Gaya district. 

Jahanabad (26° 13' : 85° 00'). This is the headquarters town of the subdivi- 
sion of the same name and is situated at the confluence of the Monhar and Jamuna 
rivers. No houses collapsed in the town but about 60 per cent of the houses wore 
damaged by cracks, mostly affecting the southern walls. The tendency was for 
east-west walls to show the most cracks. 

Bda (25° 00' : 86° 00'). — A small railway station about 15 miles south of 
Jahanabad. The Inspection bungalow and the railway station building were, 
slightly cracked. 

Nauxida (24° 54' : 85° 36'). — This railway station on the South Bihar branch 
of the E. I. Railway from Kiul to Gaya, got off extremely lightly. The court 
building sustained some east-west cracks as also did the school building in which 
a few horizontal cracks appeared around the waUs below the roof. 

Modghyr district. 

Sikandra (24° 68' : 86° 02'). — This is a village in the Jamui subdivision, about 
13 miles west of Jamui. The thana, a flat roofed pttcca structure, built in 1927, 
was very slightly cracked, mainly by an east-west movement. In this respect 
Jhajha thana building, although better constructed, was worse damaged. In the 
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viUage. the worst damage was sustained by two-storey pucca buildings, some of 
which had to be rebuilt. 

All deaths in the Jamui subdivision occurred west of Sikandra and on either 
side of the road to Nawada. Altogether six deaths were reported due to the fall 
of beams. 

Kharagpur (26° 07' ; 86° 33').— This village, in the Monghyr subdivision, is 
situated close to the eastern flank of the Kharagpur hills, and 26 miles south-east 
of Monghyr. In the bazaar area only the upper floors of two double-storey build- 
ings were badly cracked. The Lee H. E. School, a fine pucca building, opened in 
1932, showed no signs of any fracture. Cracks in other buildings were mainly due 
to east- west movements. 

Mananpur . — ^At tliia railway station on the main line of the E. I. Railway, 
nine miles N.N.W. of Jamui, the buildings were cracked but not so badly as at 
*Thajha. All the station chimneys fell. 

Jamui (24° 66' : 86° 15').— The headquarters of the subdivision of the same 
name, Jamui stands upon alluvium with hills in close proximity. Most of the build- 
ings, such as the Station, Subdivisional Offices, Munsiff’s Court, the Sub-Jail, were 
affe<‘ted by cracks and fall of plaster, but not to any great extent. 

Jhajka (24° 48' : 86° 24'). At this important station on the E. 1. Railway, 
situated in the south-east of the Jamui subdivision, the station buildings were 
badly cracked, much more so than at Jamui station, although both the stations 
were built about the same time. Kutcha-pucca buildings in the village were badly 
cracked and six of them fell, one being a three-storey structure. The roof of the 
eastern verandah of the thana collapsed because the steel beams fell ouf . A portion 
of the (‘onstables’ barracks at Jhajha feU. 

Bhagalpur district. 

Bangacm (24° 69' : 87° 00').— This small village is about 17 miles due south of 
Bhagalpur, and was practically unaffected. The Dak bungalow sustained a few 
cracks in the east-west walls from east-west movement. The north-acjuth walls 
were cracked. 

Mandar HiU (24° 48' : 87° 00'). — ^This village, situated about 30 miles south of 
the town of Bhagalpur, was very little damaged and there were but few cracks in 
the buildings. The north-south walls of the Inspection Bungalow sustained some 
vertical cracks. 


Santal Parganas. 

SajmaJuU HiUs {Sahebganj-Bajmahal-Nalhaii). — South-east of Bhagalpur there 
was a rapid fall in intensity as the Rajmahal hills were entered. The tract is 
traversed by a meridional railway line and the well-built stations at regular inter- 
vals of four to six miles furnished reliable evidence of the incidence of the earth- 
quake in the area. 

At Sahebganj station the direction of the main movement was given by some 
observers as east- west, by others as definitely as north-south, the one scries of tre- 
mors evidently following- the other. Damage was confined to cracking of walls 
and ceilings of most of the old buildings at all stations along this line. Except 
at Sahebganj, where some private buildings (old and weak) and portions of the 
upper storeys ol the Railway Institute and of the station fell, no other house 
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collapses were known. Rajmahal reported no damage beyond cracks in the railway 
station and in the comers of old houses. At Nalhati, though the vibrations were 
felt strongly, as perceived by the north-south rocking of a standing train on the 
platform and the shaking of the overbridge, aligned at right angles to it, no loose 
objects fell. 


Birbhum district. 

Rampur Hat (24° 10' : 87° 47'). — This heawiquarters of the subdivision of the 
same name is situated on the western slope of an undulation, which commands 
a distant view of the hills of the Santal Parganaa. The town has a locomotive 
depot of the E. T. R. Cracks developed in some of the buildings and the school 
was so badly damaged that it had to be demolished. The principal movements 
were apparently east- west, the room and verandah on the eastern side of the rail- 
way doctor’s bungalow fell to the east, and the south-east comer of a three-storey 
tower on the south-west comer of a house fell to the east. The eastern rooms of 
a kutcha-ptu^ca building fell to the east. The Station Master reported that the 
movements were definih^ly east-west. A large pad in his offi(;e slipjx^d about six 
inches to the west. 

Darjeeling district. 

At Sihguri, a few miles south of the Himalayan foothills in North Bengal, 
there were no visible effects of the earthquake. Proceeding north along the Dar- 
jeeling Himalayan Railway the first signs were noticed at mile 2J above where 
a fissure in the embankment, two to three inches wide, ran N.20°W. — S.20“E., 
parallel to the rail lino for about 200 yards. Another fissure was formed near 
Gulma, miles due north-east of Sukna along the rivulet of that name. It con- 
tinued to spout water and white sand for some hours after the shock. 

In the wide belt of hills between Darjeeling and the submontane tract aroimd 
Sukna, no destructive effects were noticed in the buildings, or in the road and rail 
track, which remained open to traffic aU through. 

In the deep gorge of the Teesta valley, besides two large sfips which occurred 
at mile 21 and some minor shps along the Teesta Valley road, no damage took 
place. No loss of life or property was reported at Kalirapong. The bridges (with 
one exception) were safe, including the recently completed single-span concrete 
bridge at mile 32, carrying the main road to Kalimpong and Sikkim. This fine 
structure admirably withstood the shock, although some reports stated that vibra- 
tions were felt strongly both in the direction of the long axis of the bridge (cast- 
west) and transverse to it. 


Jalpaiguri district. 

Jalpaiguri . — Headquarters of the district of the same name and the Rajshahi 
division, this town reported no material damage to buildings, but a surface disturb- 
ance of the river bed, raking up some buried wood, was noticed. 



CHAPTER XXlII 


ISOSEISMAL VI. 

Champaran district. 

Bagaha (27° 06' : 84° 07'). — ^This large village in the Bottiah subdivision is si- 
tuated on the eastern bank of the Great Oandak, 35 miles north-west of Bettiah, 
and was the end point of one of the re-levelling traverses made by the Survey of 
India subsequent to the earthquake. The village escaped damage during the 
earthquake, apart from a few cracks in the houses in the bazaar. Ornaments in 
Mr. Campbell Martin’s house fell to the west and the western side of his house 
was slightly cracked. 

Tribeni Qhai (27° 28' : 83° 57'). — This is the name given to a ghat or passage 
over the Great Gandak at the extreme north-western comer of Champaran dis- 
trict, where the river first enters Indian territory. Not a crack was noticed in the 
headworks of the Tribeni canal, although the shock was felt badly enough. This 
is t'vident from the fact that Mr. Campbell Martin was thrown from a machan close 
to Tribeni Ghat while waiting for a tiger. The shikaris sat on the ground holding 
their stomachs. No sound was heard during the quake. 

Burdwan district. 

Asansol (23° 42' : 87° 00'). — This town, the headquarters of a subdivision of 
the same name in the Burdwan district, is situated in the centre of the Raniganj 
coalfield. Population in 1931 was 28,888. The shock had little effect here but 
the office building of the Mines Board of Health, was reported to have been ex- 
tensively cracked. A group of colliery managers who were together at the time 
saw ground waves moving from west to east, each perhaps six inches high and 
12 feet from crest to crest. This was in addition to the usual vibratory motion. 
Cars on the road were swaying. Trees swayed and many people had a feeling of 
giddiness. 


Murshidabad district. 

Azimganj (24° 14' : 88° 18'). — This town in the Lalbagh subdivision of Murshi- 
dabad district, is situated on the right bank of the Bhagirathi, 13 miles north of 
Borhamporo. After the 1897 earthquake, it was rejKirted to be in a state of ruin, 
but the town stood the present earthquake without any marked damage. 

Berhampore (24° 06' ; 88° 18'). — Headquarters of Murshidabad district, Berham- 
pore is situated on the river Bhagirathi. The damage to buildings was compara- 
tively slight. The long lines of one or two-storey buildings (the old East India 
Oo.’s beuraoks) constructed of massive masonry, and supported on rows of arches, 
withstood the shook very well. The government offices, aligned S.20°W., and the 
line of low arched barracks accommodating the Dak bungalow, the Church, the 
Post Office, etc., suffered from some minor cracks. The local Telegraph Office 
recorded the time of the earthquake as between 14*11 and 14*13 hours. The clock 
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of this office on a wall aligned W.20®N. did not stop, but the one in the adjacent 
Post Office room, fixed on a wall at right angles to the former stopped. 

Murahidahad (24° 12' : 88° 18'). — ^This town on the Bhagirathi in the Murshi- 
dabad district in Bengal, contains the palace of the Nawab Bahadur of Murshi- 
dabad, a lineal descendant of Mir Jafar Khan. It suffered greatly from the earth- 
quake of 1897. During the present earthquake the palaces of the Nawab, a fine 
old, strongly built structure of brick and chunar sandstone masonry (1829), 
sustained some damage. The shorter, north-south, walls were cracked and the 
longer, east- west, walla, though intact, were displaced by throe more or less 
parallel rents. These cracks were to a certain extent repetitions of those produced 
by the 1930 earthquake. The severest cracks tended to cluster round the north- 
west corner. At the Imambara, a new building opposite the Palace (and not so 
woU constructed as the latter), enclosing an oblong quadrangle with east-west 
alignment, the south-facing parapet and balustrade collapsed. Three minarets, 
top-heavy structures supported on the rather weak balustrade, were hurled north- 
wards and, breaking through the roof, crashed to the floor below. The clock 
tower in the quadrangle was standing, but its top portion was rent, accompanied 
by some fall of masonry. 


Rajshahi district. 

Bajahahi {Rampur Boalia), (24° 22' : 88° 39').' — This district headquarters, 
situated on the north bank of the river Padma, was the easternmost station in Bengal 
visited by an officer of the Grcological Survey of India after the earthquake. Time 
records were unreliable, none of the three clocks of the Postal Superintendent’s 
office stopped. No noise was heard during the shock. The nature of the move- 
ments was said to be vibratory and undulatory as in a steamer. No objects fell. 
Parts of the walls of the Club House (108 years old) were damaged. The Mission 
House, also very old, had its portico pillars detached from the rafters of the roof 
and thrust six inches towards the south. In the town, portions of very old build- 
ings came down but no noticeable effects wore seen in pucca structures. 



SECTION C.— ABSTEACTS OF KEPLIES TO 
QUESTIONNAIRES. 

(Compiled by A. M. N. Ghosh.) 

CHAPTER XXIV. 

ISOSEISMAL VII4- 

The nature of isoBeiamal VII -f has been desoribed in Chapter II, where the 
linear arrangement of this belt of increased intensity was noted. As might be 
expeote<l, it is less intense at its western end, Allahabad, than in Bihar, and, 
naturally, there is little difference between parts of this VIT 1 belt and those parts 
of VIT close to isoseismal VIII. The point to be stressed is that there is an east- 
west belt of increased intensity within isoseismal VII with an area of somewhat 
lower intensity to the north of it. Although Bhabua, Susaram and I>ehri-on-yon 
are on this line the intensity of damage at thcwe jtlaces was below tliat of tlie rest 
of this belt. 


United Provinces. 

Allahabad district. 

Allahabad. 

General j Allahabad . — The shock was strongly felt at Allahabad, where a number 
of house.s were cracked, and some of them rather badly. The duration of the 
shock was more or less 180 seconds. A rumbling noise was heard by most people. 

Collector . — He was travelling in a motor car and did not feel the shock. On 
making enquiries, however, he reported that a continuous shock with varying 
intensity was felt at Allahabad. A rumbling noise as if heavy traction engines 
were passing was heard during the shock. Some plaster fell in his bungalow 
which was cracked in many places. Many houses were cracked in the city. 

District Judge . — Duration 180 seconds. He felt two severe shocks with a lull 
in between. Loose objects were thrown down and walls of buildings were cracked. 
A rumbling noise was heard before and during the shocks. 

Nand LaXy Executive Engineer . — He felt several shocks and saw the stone cross 
over the Holy Trinity Church fall down. The stone finial over the dome of the clock 
tower in the Senate Hall was bent. The shock caused considerable damage to 
heavy two -storey buildings. 

SuperiniendeiUy District Jail . — ^He felt one shock, which started rather strongly, 
then got weaker and became strong again before it died out. A rumbling noise 
was also heard. 

Personal Assistant to the I. O,, Police . — ^Thiee shocks were felt. All the walls 
of his bungalow were cracked. Some rooms in the 1. G.’s office were badly cracked 
and had to be vacated: 
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A. C. OupUiy Accountant General, V. P . — ^He felt one shock and heard a noise as 
though an aeroplane passed overhead flying fairly low. The earthquake started 
with shaking of the desk and chair and then the whole building shook, the 
wooden ceiling showing the opening between each plank. The seats vibrated 
vertically and on the lawn the ground was undulating and earth ripples were noticed. 
The arch of the roof of tl)e corridor on the first floor cracked in the centre — 200 
feet- bringing down the iron wedges fitted in old cracks. Walls cracked over 
arches and doorways and some bricks fell down. The jack*arched roofs of four 
rooms were badly damaged. 

T. O. McGinn, Assistant Secretary to Government, U. P. — He felt one seven' 
shock and heard a rumbling noise resembling that of a motor engine. Roofs of 
several rooms in the Secretariat block were damaged and debris fell. The walls 
of all the rooms were more or less cracked. 

A. C. Holmes. — Dogs began to bark. 

Postmaster. — Several pictures were thrown out of position. The ceiling of the 
main office hall and the stone staircases were cracked at several places. 

J. M. David, Registrar, University of Allahabad. — Minor cracks appeared over 
several arches ; the walls of the Zoological Department in the Muir Ontral Cf)llcgc 
were slightly cracked. Two glasses of the Senate House Tower clock wore broken 
and two stone finials on the top of the domes were bent. 

Bijai Narain, Accountant, Excise Commissioner s Office.- IVo shocks. 1’hc 
hi'st lasted about tiO seconds and ap|)eared to subside bcfoje the second shock of 
greater intensity started and lasted about 120 seconds. A sound as of an aeroplane 
uas heard at the commencement and lasted during the shock. Houses shook and 
some of them were cracked. 

J. P. Ghosh, Modern High School. — One continuous tremor accompanied by a 
sound like that of a high wind. Hanging objects swung east-west, walls of the 
school building sustained vertical cracks. 

Garrison Engineer, Fort. — Felt one shock accompanied by a sound resembling 
that of a heavy lorry in motion. Ceiling fans swung 10°-15°. Several of the officers’ 
quarters inside the Fort had to bo evacuated as they were* badly cracked and rendered 
unsafe |)endmg repair. The church was rendered unsafe and had to be closed down 
for repair. In some of the buildings plaster fell and minor cracks occurred. 

Lieut. Ixnv, J.A.O.C., Fort . — Felt one long continuous shoc'k. Rumbling noises 
were audible resembling stamping over a hollow floor or train going f)ver a 
bridge. Masonry walls and roofs were cracked and some bricks and mortar fell in 
one room. Electric ceiling fans swung east- west. A small square tank fidl of water 
was oliserved to flow over to the (‘ust two or tliroe times and the surface was still 
disturbed after about half an hour. A stationary motor ear moved violently 
backwards and forwards and from side to side. 

Executive Officer, Allahabad Cantonment . — Two shocks jirceeded by a nruse hko 
that of a motor car. Several buildings were cracked. 


Naini, 

Superintendent, Central Jail, Naini . — He felt one continuous shock. Buildings 
were cracked superficially in several places. 
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Mirzapur district. 

Mirzapur. 

Assistant Engineer. — He felt one shock during which a sound like that of a train 
was hoard. Two houses were razed to the ground and the church steeple was broken. 
Some badly built houses were damaged. 

Superintendent j District Jail. — Four to six shocks were felt. A rumbling noise 
was heard. Doors and windows rattled and hanging objects swung. A portion 
of the outer wall of the jail fell and cracks in several buildings of the jail and 
clscwboro were noticed. 

Assistant Engineer, Special Division, Mirzapur Canals. — Six shocks of which 
the first was light and the third and the fifth very stiong. During the shocks a 
buzzing noise as if half a do7cn aeroplanes were flying very low was heard. Nearly 
every building in the station was cracked and a large number collapsed. 

Station Master, E. I. R. — A severe shock accompanied by a rumbling noiso. 
Bh>ek8 of plaster, bricks, etc., were thrown from walls and roofs. Some buildings 
in the railway colony were cracked, some badly and others to a lesser degree. 

Medical Officer, Sadar Hospital. — Five shocks preceded by a rumbling noiso like 
that of an aeroplane. Several houses collapsed and six persons were admitted 
into the hospital as a result of injury. It was difficult to remain standing and one 
felt giddy during the shocks. 

Chunar. 

The President, Settlement Notified Area. — ^He heard a noise similar to that of an 
aeroplane. Walls collapsed, joinings parted and severe cracks in the walls took 
place, two- and three-storey houses suffering the most. Some buildings were parti- 
ally destroyed. Most of the wall-clocks stopped. Cracks took place in the ground 
on both banks of the Ganges. Kutcha buildings suffered the least. 

P. W. Inspector, E. 1. R. — One continuous shock accompanied by soimd 
like the humming of bees. Doors rattled, telegraph wires danced and some of the 
buildings were cracked. 

C. M. Ganguly, Medical Officer. — Two or three shocks preceded by a rumbling 
noise like that of an aeroplane and which continued during the shock. Some 
buildings fell down, a number partially collapsed and others were cracked. 

Ahraura. 

M. T. Khan, Chairman, Notified Area Committee. — A rumbling sound as of an 
aeroplane was heard during the shock, the direction of which was oast — west. 
Loose objects fell towards the west. Small articles of about one pound in weight 
moved a few inches. North-south walls cracked from the plinth to the roof. Big 
and old houses fell and some were badly damaged. 

J. N. Moitra, Medical Officer. — A rumbling noise as of a train going through a 
tunnel wm heard during the shock. Doors and windows rattled, loose objects were 
thrown down and pucca houses collapsed. 

Benares district. 

Benares. 

Dorothy Crosthwaite, CommissioTier's House . — A continuous shock started sud- 
denly and was accompanied^ by a sound resembling the roar of a heavy lorry. 
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Cracks, nearly all nort,h-south, appeared in the walls. The parapet on the eastern 
porch running north -south was shaken loose. Other houses in the vicinity suffered 
from greater damage. A N. E. — S. W. movement of the ground was felt. 

Executive Engineer. — The shock was continuous but intensified thrice, each time 
more than the previous one. A rumbling noise was heard throughout the quake. 
Walls of some buildings were cracked, parapets over roofs and also the roof of a 
building fell down. 

8. K. DevQy Sub-Megistrar, Machhlishahr. — He was at Benares at the time of 
the earthquake and felt a tremor followed by a smart shock, which increased in 
violence and lasted about 120 seconds. The shock was followed by a further 
tremor and suddenly stopped with a mild jerk. A humming noise like that of an 
aeroplane was heard throughout the shock, later it merged with the creaking sound of 
buildings which swayed like loaves of trees. The electric wires swung violently. 
The direction of swing of hanging objects was N. E. — S. W. approximately. Many 
buildings at Benares were cracked over the arches. Several two-storey houses 
collapsed. Three deaths were reported and some 25 persons injured by the fall 
of houses. 

Major E. C. Cuthhert. — Every room of his bungalow, built in 1830, was cracked. 
A Morris car standing in low gear, oscillated about nine inches north-south length- 
wise. There was a slight alteration of the floor level in the western rooms of the 
bungalow. 

II. E. Jackson. — One shock of varying intensity. A sound us of a high wind 
and of heavy traffic was heard before and during the earth movement. Hanging 
objects swung east-west and light picture frames were moved. Walls of buildings 
were cracked and tiles of the roof of his bungalow moved. 

Benares Cantonment. 

8. 8. Singhy Naib Tahsildar. — A sound resembling that of an aeroplane was 
heard during the shock. Hanging objects swung cast-west. 

Lieut. -Col. N. 8. Taylor y Hyderabad Regbneni. — Duration 180-240 seconds. 
Two shocks, preceded by a noise like that of a passing train. Doors and windows 
rattled, hanging objects swung north — south. Loose objects were thrown down 
towards south-east. His motor ear standing north south swayed on its springs in 
an oast- west direction. Col. Taylor standing in the compound felt a continuous 
series of short waves moving from west to east. Walls of many buildings were 
cracked and chimneys fell. 

Kasi. 

T. Cambridgcy Executive Engineer in Chargey Dvfferin Bridgcy Kasiy E. 1. B . — 
During the earthquake the Ganges swayed from side to side for a vertical height 
of two foot and in the two following days the water level rose by two inches, but 
four days later it was six inches lower. 

Moghal Sarai. 

P. B. ChaUerjee, Bridge Forermny Plant Depot, E. I. B. — He felt one shook 
which was accompanied by a nimbUng noise as of a heavy lorry. Doors and 
windpws rattled and hanging objects swung. Some houses wore cracked. 
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fisNARES State. 

Chakia. 

N. S. Anand, CoUedoTf Benares State , — ^He was motoring at the time of the 
earthquake and noticed that suddenly the oar waa getting into a tremulous motion 
with a tendeni^y to take to the eastern side of the road. On making enquiries 
afterwards he found that three separate shocks in quick succession were felt and a 
sound like that of a heavy lorry was heard before and during the shock. Hanging 
objects swung north-south. I^oose objects were thrown towards the east. A 
number of stone walls fell and parts of jmcca buildings collapsed, mud huts 
escaping. An cast-west fissure in the ground, was three to four inches wide. 

L. Chanda Tahsildar . — One shock lasting about 180 seconds. It was preceded 
by a rumbling noise like that of a heavy lorry coming from north-west. Hanging 
objects swung east- west and loose objects were thrown either east or west. The 
northern and eastern walls of the buildings were more cracked than others. Portions 
of some buildings collapsed. At Amra Patti Chaubisha village a small north-south 
fissure near a nala of the river Garai emitted water and sand. The fissure was 
two inches wide and water flowed for about four hours. 

Ijatifshah. 

P. Divisional Engineer, Latifshah {Chakia district), Benares State. - One 
shfK’k for 180 seconds accompanied by a noise as of a motor car or aeroplane, coming 
from the north-west. Hanging objects s^^iing north-south. Loose objects were 
thrown towards th(' east. The western and the northern walls of buildings were 
more cracked than others. Some buildings partially collapsed. Standing water 
in Latifshah reservoir was violently agitated and mud was brought up from 
the bottom. 

Bihar. 

(jAya district. 

• Gaya, 

Rai Bahadur C. C, Mukherji, O.B.E.y Collector. — One shock for about 180 seconds. 
A rumbling noise was heard before and during the shook. The shock was severe 
enough to bring down many houses and almost every house was more or less damaged. 

N. N. Maitra, S.D.O.y Sadar {Gaya). — The clock of his ijUis stopped at 14-16 
hours (I. S. T.). Duration 120-150 seconds. At first a rocking sensation was felt 
and in a second t)r two a rumbling noise as of heavy loaded lorries passing, or rolling 
of distant thunder, was heard. When he came out in the open the ground under his 
fwt j>ulHated. A book rack throe feet high, and full of books, foil down. Walls 
of many buildings were cracked. Four beams aligned east- west, on the portico of 
his house, moved two inches to the west. Tiles from the eastern and western roof 
slojKJs of the A. S. I.’s quarters were entirely shaken off, but very few from the 
northern and southern slopes. The ornamental domes on the top of the CoUecto- 
rate building fell either due east or due west, that at the centre fell due south. 
Several balconies and walls collapsed. 

G. Jjorinier, — A slight tremor for 20-30 seconds intensified into a severe shook 
for 120 seconds and then gradually waned and died out within 20-30 seconds. A 
rumbling noise like that of thunder peels at a distance was heard throughout the 
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shocks. Iron poles for electric wires on the roof of the bungalow moved violently 
up and down with the win's. Pictures, glasses, tumblers, etc., were tlirown down 
inside the bungalow. The walls of the bungalow although strengthened by iron 
plates and tie rods, were cracked. Mr. Lorimer felt an up and down and circular 
motion as if the ground under his feet was bubbling or boiling. 


Santal Paroanas. 

Dcof^har. 

Ivdrasahih, Snb-Jvsprritw of Police , — Duration 165 sc'conds one continuous up 
and down ‘ springing ’ motion. Before and during the shock a sound like that of 
an aeroplane combined wuth several motor trucks in motion was heard. Walls 
of many buildings w^ere cracked and portions of some buildings collaj)8ed. 


Jasidih. 

Brid/fe Foreman, Adjai Bridge.- An cast-west ground movement for 180 seconds 
followed by an up and tlown movemc'nt for 120 seconds. A rumbling sound like 
that of low' thunder was heard at the beginning and gradually died out tovsards the 
end of the quake. After tlu' eartlupiake water in the Adjai river rose one f(K)t nine 
inclu's, appeared to remain still for some time' and then flowed down stream. Next 
morning the watt'r was about three inches above normal. Pornices of buildings 
were cracked ; wah'r was spilled from a filled wash basin, ('racks ap]>ear('d on 
newly made embankment and the old embankment settled slightly. 

Mad}tnj)ur. 

S. Rai, Snh-Inftperfor of Police, Madhvpnr. — One eontinuous shock for 180 
seconds. An unusual sound like that of a railway train was heard. The observer’s 
scat moved. Walls were cracked. About ten houses weri' badly damaged and fltX) 
houses were cracked within the elaica (jurisdiction). 

Assistant Svperiniendejit, Way and Works, E. /. R. — A jindiminary tremor for 
15 seconds was followed by a violent shoi'k for 70 seconds during w'hich the ground 
oscillated N.W. — S. E., with an estimated maximum amplitude of four inches 
and a frequency of 100 ('ycles per minute, which ended abruptly but was followed 
by tremors for another 100 seconds. A rumbling sound was heard for seven seconds 
at the beginning. A largo number of buildings were cracked. 

Dnmhi. 

Rivannndan Prosad, Deputy Magistrate, Durnka. He was sitting in the (V)llec- 
torate court room and felt the shock, which lasted about 180 st'conds, at 14*15 
hours (I. S. T.). Before and during the shock a rumbling noise was heard. The 
glass shutters and doors of the court room rattled and his table and chair were 
shaken. Hanging objects swung north-south and the ground and floor undulated, 
Pucca buildings were cracked and some wore badly damaged. 
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United Provinces. 

Gorakhpur district. 

Deoria. 

Nath Tahsildar . — Three distinct shocks accompanied by a rumbling noise. 
Hanging objects swung north-south. Upper stories of some buildings came down. 
A small railway bridge near Salimpur and also the Tartipar bridge were damaged, 
the railway line near Nunkhar sank. The ground cracked in several places at 
Majhauli, where the Raj palace was seriously damaged. 

Ji. N. Moiira, Head Master^ King Edward Qovemment High School . — One con- 
tinuous shock accompanied by a rumbling noise like that of a huge tractor or steam 
roller passing N. E. — S. W. The school building sustained a few small cracks. 

Tahsil Deoria. 

Station Master . — One shock accompanied by a rumbling noise. Doors and 
windows rattled and some objects were thrown down. The front portion of the 
verandah of the railway station was damaged. Some tiles fell. Several houses 
wore cracked. Another observer from the same places stated that a few fissures 
striking north-south ejected water and black sand. 

Bhatni. 

Station Master . — TVo separate shocks preceded by a rumbling noise, as of a 
high wind or an aeroplane. Doors and windows rattled, hanging objects swung, 
loose objects were thrown down and several houses were damaged. 

General . — Reports from other villages in the eastern and south-eastern portions 
of Gorakhpur district show that the shock felt there was sufficiently strong as to 
include the area in isoseismal VII. 


Hata. 

Tahsildar . — Movement east — west. Walls of several buildings were cracked. 
Three children were killed by the fall of walls in different villages in the tahsil. 
Several fissures were formed parallel to the river Gandak. The width of the fissures 
was from one to two feet and sand and water wore discharged from them. 

Azamgarh district. 

General {Azamgarh district ). shock appeared to have been widely felt over 
this district. Some people felt one continuous shock, others several. A rumbling 
noise preceded the shock and lasted throughout it. Most people agreed that the 
shock was felt in two directions namely, east-west and north-south, some observers 
were of the opinion that the shock travelled N. E. — S. W. A number of old 
buildings collapsed and pucca houses were damaged by partial collapse and 
cracking of the walls. The eastern part of the district near the Gogra river was 
the worst affected, In Ghosi tahsil cracking was general and severe, and four - 
persons and some cattle were killed. 
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Mahirajganj, 

Siddiqu Alt . — One shock accompanied by a sound resembling that of a motor 
car. Doors and windows rattled, hanging objects swimg east-west. Observer’s 
seat moved. A few double storey houses wore cracked. 

Azanigarh. 

K. P. Roy Chowdhuryy Medical Officer . — The south-west comer of the Sadar 
Hospital including the entire verandah on the south and two rooms were badly 
cracked and partially destroyed. 

Abdul Hussain y George High School . — One continuous shock preceded by a 
rumbling noise. Hanging objects swung north-south. Loose objects were thrown 
southwards. Roofs and walls of many houses were cracked and some of them 
collapsed. Pucca buildings and old mud huts were affected the most. 

Thalur Parish Raj Singh . — Ho felt four shocks, before and during which a rumbl- 
ing noise like that of an aeroplane was heard. Hanging objects swung west-east. 
Observer’s seat moved towards the east ; loose objects were thrown towards the 
south-east. Of the various buildings that were damaged, their eastern portions 
and the east-west walls were the worst affected. 

Y. Thiyuplus . — According to this observer walls aligned east- west and facing 
cither north or south were more hable to be cracked than others. The shock was 
such that the objects were shaken in all directions but the main effects were north 
and south. 

Ghosi. 

Naih Tahsildar . — One shock accompanied by a rumbling noise. Walls of build- 
ings were cracked and some old houses collapsed, killing three persons and two 
cattle. Hanging objects swung east- west. 

Mau. 

T. E. Paul . — A rumbling noise like that of an aeroplane was hoard before the 
shock. Doors and windows rattled, hanging objects swmig and some loose objects 
fell. The pohc'e station building and many houses in the town were damaged badly 
and some coUapsod. 


Jaunpur district. 

Javnpur. 

Magistrate and Collector y Jaunpur district . — He felt one shock. A vase on a 
book case fell down. Several cracks appeared in his bungalow and a dozen bricks 
were dislodged from an arch of the verandah. 

S. Wahid Ahjy Tahsildar , Sadar . — He felt three shocks and heard a rumbling 
noise before and during the shocks, the direction of which was east-west. Bottles 
on an almirah fell both east and west. Walls of two and three-storey buildings 
were cracked. 

R. K. Yarma . — Heard a rumbling sound like that of an aeroplane. Hanging 
objects swung N. E. — S. W. Loose objects fell either north-east or south-west. 
Cracks occurr^ in buildings some of which had to be demolished. The shock 
lasted about 180 seconds. 
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Machhlishar. 

Tahsildar. — Felt half a dozen shocks. A sound resembling that of a motor 
car preceded the tremor. The replies to the questionnaire are in conformity with 
isoseismal VII. 

Head Master^ Middle ScImoI. — Several shocks, accompanii'd by a sound like that 
of an aeroplane. Doors and windows rattled, hanging objects swung east-west. 
Loose objects were thrown down either east or west and a number of buildings were 
damaged. 

Mariahv. 

Tafuiildar ayid Magistrate.— Tv/o separate shocks, preceded by a rumbling noiw*. 
1’wo very old small houses in the bazar colla|>sed and the v alls of a g(xlown were 
cracked. Other buildings wore slightly affected. 

PaRTABGARH DJSTUirj’. 

Partahgarh . 

Uni Bafmdar S. li. Afisra^ Special Ma^isirufc.— Oiw continuous shock for 180 
seconds, accompanied at first by a sound like the rattle* of a lorry which changed to 
a sound like that of a railway train. Doors, windows, almirahs, ete., rattled, 
clothes hanging on I)eg8 swung and clocks 8topj>ed. Direction of the shock was 
east-west. Brass idols and images on shelves fell down towards the east. Walls 
and roofs were cracked and kutcha walls and minarets of mosques fell down. 

Ghazipxtr district. 

Ghazifur. 

M. B. Dikshitf Magistrate and Collector y Ohazipur district. —He felt two shocks, 
one lasting about 30 seconds and the other, sc'verer than the first, for 170 w^conds. 
A sound like that of an aeroplane was heard before the shock. Hanging objects 
swung towards the south-east. Many walls were cracked and portion of an old 
house coilapsed. 

Khon Bahadur Asaf Zamariy Deputy Collector. - I’he verandah of a neighl)ouring 
house totally collapsed. 

J. P. Sharma, Deputy Collector. — Three shocks precedt'd by a rumbling noise like 
that of a train. Walls of some buildings were cracked. 

TarigJval. 

Mohammad Zahoor. — Unusual sound like that of a motor car was heard. 3’he 
station building, goods shod, waiting room, etc., wert* slightly cracked. 

Ballia district. 

Ballia. 

Headmaster y Government High School. — One continuous shock i)rooede<l by a 
rumbling sound like that of thunder at a distamjc. The slux'k was feeble at first 
but became violent afterwards. Hanging objects swung east-west. Walls of old 
buildings were creujked and a few collapsed. 

Mathura Prosody Assistant Suh-Inapector of Police. — Objects were thrown 
towards the south. Some walls were cracked and the comers of the walls were 
thrown out. 
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Otneral (BaUia town). — In this town some people felt one oontinuous shook and 
some three or four shocks. A rumbling noise like that of an aeroplane was heard 
before and during the shock. Doors and windows rattled, hanging objects swung 
east- west as well as north-south. Loose objects were thrown east, west and south. 
Walls of many buildings were cracked and a few houses collapsed. A chimney 
was thrown south. 


Mirzapur district. 

Behvadah ( 24 ° 11 ' : 82 ° 55 '). 

C. F. Wood, /. (\ aS'.— One long continuous shock working up to a maximum and 
then dying away. A loud rumbling like that of a motor lorry was heard. Slight 
cracks were caused in various Forest bungalows and other buildings. 

IH'pri ( 24 ° 11 ' : 83 ° 00 '). 

R. S. Bansad, E. A. C., Forests. — Three distinct shocks of which the second was 
most severe, and was accompanied by a rattling noise. Loose objects were seen 
to jump. Two walls of the Muirpur Rest House opened out at the joints and the tiled 
roof of a building at KuHhaliiagar had the tiles dislodged and they fell down. 

Wytuihamgunj ( 24 ^ 15 ' : 83 "" 23 '). 

H. W. Tristram. — Ont* continuous east- west shock of varying intensity was 
accompanied by a sound resembling that of an aeroplane. L(X)8e objects were 
thrown down and walls ol buildings were cracked. All the tiles were shaken off 
the roof of his bungalow. 


Bihar. 

Champaran district. 

Ramnagar. 

M. P. Sinha. — Duration 180 seconds. Many shocks were felt and a noise like 
that of a motor underground was heard. Hanging objects swung east-west. 
Walls ot buildings were cracked, 

Haran district. 

Siwan, 

Rai Sahib R. Shigh, Suhdivisional Officer, Siwan. — He felt several severe shocks 
travelling N. W.- S. E. Duration 180 seconds. Objects fell either south or east^ 
Fissures formed in the ground and many wells were choked with sand. Both 
ptuxa and kutcha-pwea structures were affected. At first he felt as if some one had 
pushed the chair on which he was sitting and later felt the trembling. The shock 
was strongest in the middle and he felt a 8 wa 3 dng sensation as on a country boat. 
It was preceded by a sound like that of a motor car. 

Shahabad district. 

The damage at Sosaram and Dehri-on-Son has been described in Chapter 
XXII. 



264 


BraAR-NEPAL EARTHQUAKE OP 1934. 


Buxar. 

R, L. Naraairnham, S.D.O., Buxar . — One continuous shock lasting 180-240 
seconds. Hanging objects swung north-south. A number of pucca and semi- 
jmcca buildings were affected. 

Buxar-Gajadharganj . 

H. E. Beal . — His house moved backwards and forwards like a weaver’s shuttle, 
in a N. E. — S. W. direction. He saw the cat run out of the house and it looked as 
if it was dancing on hot bricks. His house developed several shallow cracks. 

Arrah. 

R. A. E. WiUiamSf Collector, Arrah . — Duration 180 seconds. One shock during 
which a rumbling noise as of a fast train was heard. Doors and windows rattled, 
loose objects fell down, his seat moved and walls of buildings were cracked. 
Several houses collapsed. 

Ram Raksha Prasad, Deputy Collector . — Duration 210 seconds. One shock 
was felt. Movement was oast-west, and up and down. Hanging objects swung 
west-oast. Objects fell south as well as east. Bricks from roof copings fell to the 
oast as well as to the north. 


Bhahua. 

M. Z. Khan, S.D.O., Bhdbua . — ^Felt one shock for 180 seconds. Before and 
during the shook a rumbling sound as of an aeroplane was heard. Loose objects 
were thrown down and a number of buildings wore cracked at Bhabua. In the 
subdivision about 400 buildings wore cracked and some 190 collapsed. 

Palamau district. 

General . — A small portion of the extreme north of this district falls within 
isoseismal VII. According to J. P. Sinha, Sub-Inspector of Police, the shock lasted 
300 seconds at Untari, where almost all the walls and arches of pucca buildings 
were cracked. At Husainabad, according to S. W. Ahmad, Assistant Sub-Inspector 
of l*olice, buildings rocked like cradles and were cracked ; here the shock is stated 
to have lasted 120 seconds. In both places a sound was heard. The Sub-Inspector 
of Police at Hariharganj thought that the shock was strongest in the middle when 
two pillars of the main thana and the thatched roof fell down, 

Gaya district. 

Sone East Bank. 

R. M. Watson . — A continuous swing for 300 seconds in a north-south direction. 
Doors rattled. Hanging objects swung. Loose objects were thrown down and his 
seat moved. Some buildings facing north and south were damaged by the roof 
moving backwards and forwards on the walls. 

Natoada. 

P. 8. Prasad, Svb-DepiUy Collector . — One continuous shook for 300 seconds. 
The swing was elliptical with major axis north-south. Duration of ground move- 
ment mostly north-south but sometimes east-west. Tiles from roof fell either 
north or south. East- west walla were worse cracked than north-south ones. Cracks 
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in river bed ran parallel to the banks of a dried up river running east-west and 
poured out water. Two or three storey puccxi buildings were more affected than 
mud huts and light structures. 

MoNGHyR DISTRICT. 

Jamui. 

Inspector of Police , — Duration 180 seconds. Ground movement N.W. — S.E. 
Objects fell in all directions. Pucca buildings were mostly affected by cracks. 

U. Bistvas, Overseer . — One shock lasting about 160 seconds. Loose objects 
fell eastwards. Near the village of Kudhar fissures in the bed of the river were 
aligned N.W. — S.E. and were two inches wide. 

Bhagalpur district. 

Banka. 

S. 0. Jilaniy Suhdivisional Officer y Banka . — He was camping at Baunsi a few miles 
north-east of Banka and first felt a trembling, which was immediately followed by 
a tremendous noise like that of a fast moving train, about the same time a vigorous 
side to side movement ensued. The total duration of the earthquake was 160 
seconds. His camp cot on which ho was at the time lying moved. Almost all the 
pucca buildings in the subdivision wore cracked. Some houses collapsed and three 
chiKlren were killed and several persons injured as a result. At places the ground 
cracked a little and ejected water and mud for a while. 

P. K. Royy Managery Central Co-operative Union . — An up and down movement 
followed immediately by a to and fro movement. Total duration 180 seconds. 
A rumbling noise like thunder at a distance was heard 15 seconds before the shock. 
Tt came from north-west and passed off south-east, ending with the shock. One of 
the walls of his house cracked and gaped wide, throwing plaster. During the second 
movement the gaps closed and opened. 

11. Prasady Assistant Surgeon . — ^First shock up and down for 16 seconds, a second 
shock, having a sideways motion, immediately followed and lasted 225 seconds. 
Sound resembling that of a heavy lorry running fast on a hollow road was hoard 
before and during the shocks. Some buildings partially collapsed ; water and mud 
came out of fissures in places. 

N. Das Quptay Sub-DeptUy Magistrate . — ^An up and down movement followed by 
a north-south movement. The main shock lasted 180 seconds and tremors about CO 
seconds. Plaster and masonry work on walls and turrets fell in many houses. A 
rafter running east-west was found to have completely turned upside down but 
fixed in its orignal position on the ceiling between the beams. Many pucca and 
eQim-pucca brick houses with heavy roofs were badly affected but mud huts 
wore mostly unaffected. 

Santal Parganas. 

Sarath. 

M. HaqaCy Officer in ChargCy Saraih Police Station . — Duration 160 seconds. 
One shock accompanied by a rumbling noise underground like that of an aeroplane. 
The shook was strong enough to make doors and windows rattle. Walls of pucca 
houses, the local mosque and the school building were cracked. 
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Rajmahal. 

Matdavi S. K. Ahmn, Deputy Magistrate. — Three slight tremors in quick 
succession preceded the main shock. Duration 260-300 seconds. Sound like 
that of a motor car or aeroplane flying at a distance was hoard from the west and 
passing east during the shock. He felt as if his chair was being raised by some 
one below it. Ground movement east-west. A “ peepul ” tree swayed east- west. 
Photo frames fell from the wall, buildings swayed and cracked. Ofiioers* quarters. 
Dak bungalow. Sub- Jail and the local mosque were more or less affected. 

Godda. 

A. Prasad, S.D.O., Godda. — Severe shock for 120 seconds and slight tremor 
thereafter for another 120 seconds. Sound as of an aeroplane oj heavy car or storm 
approaching was heard just before the shock. Almost all the buildings were more 
or less cracked and a few old kutcha buildings collapsed in the villages. 

General {Godda IS vbdi vision). — Reports from various places in the subdivision 
show that the shock was fairly strong and was preceded by rumblings which lasted 
throughout the quake. A widespread cracking of buildings took place and in many 
cases houses and walls collapsed. One man was reported to have been killed at 
Mahagama. 

Bengal. 

Birbhum district. 

Ramjnir Hat. 

a. 8. Krishnusivamy, Subdivisional Officer. — A roaring sound resembling that 
of an aeroplane was hoard before and during the shock. Doors and window's 
rattled, hanging objects swung north — south, loose objects were thrown 
southwards. A few pucca buildings were damaged. 

UlNAJPUR DISTRICT. 

TJiahurgaon. 

D. N. Salta, Subdivisional Officer. — A rumbling sound like that of a train at a 
distance was heard before, during and after the shock. Doors and windows rattled, 
hanging objects swung, the observer’s seat moved and loose objects were thrown 
down. Walls of buildings were cracked. 

0. N. Mukerjee, Sub Postmaster. — One shock beginning with a sound like that 
of ‘ rolling of the clouds ’. Hanging objects swung N. W. — S. E. Several buildings 
were cracked. 


JaLPAIGURI DISTRICT. 

Jalpaiguri. 

A. N. Chakraburty, Meteorological Observer. — Two distinct shocks preceded by 
a rumbling noise as of an aeroplane. Doors and windows rattled, hanging objects 
swrung and loose objects were thrown down. Some of the buildings were badly 
cracked but none collapsed. Arched roof cracked in places and bricks fell down. 
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Darjeeling district. 

Hathighisa. 

Manager^ Atal Tea Estate. — Rapid continuous oscillation in increasing intensity. 
The replies to questionnaire arc in conformity with isoseismal VII. 

Bagdogra. 

Manager, Bagdogra Tea Estate . — One severe and one slight shock. The shock 
was strong ^nough to crack the walls ol buildings and to cause greater damage. 

SuJctnt. 

S. D. Chatter jee, Suhia Tea Estate.- -Three shocks preceded by a sound like 
that of a motor car, and M'hich lasted to the end Hanging objects swung and loose 
objects fell. Semi-pucra brick Malls were cracked. Fissures in the ground were 
six inches wide. 

Phagti. 

Manager, Mission HiJl Tia Ksiati. — 'JVo shocks, doors and windows rattled 
and hanging objects sMunu. Ka( tore walls of stone cracked and f(*ll down. 

Trcs/a Brtdgr Bazar. 

J. S. Lanut. — A rumbling noiH(' like that of an aeroplane preceded the shock. 
Everybody felt the sliock winch causc'd doois and windows to ratt](‘ and cracked 
the walls of many houses, some of uluch were damaged rather badly. Fissures 
half an inch wide were ahgn(*d north-south. The river swelled about nine inches 
from the normal level. 


Kalimpong. 

N. Bose.- — One shock with a slight rumbling noise. Doors and windoM's rattled, 
hanging objects swung and the observer’s seat moved. Many walls were slightly 
cracked and a few badly damagtal. 

W. A. S. Lewis, Bubdivisional Officer.— He M'as at Thode Khas Mahal Block 
(27° 07' : 88° 49') and h'lt one continuous shock. A rumbling noise was heard and 
M'as intensified by fall f)f rocks and earth down the precipices. He felt it difficult 
to stand without support. Landslides occurred. One semi-pMcm mud and stone 
building was slightly cracked. 

Khatndang, 

R. S. Prosad. — One strong shock for 120 seconds. Slight cracks occurred in the 
walls of houses. 


Sikkim. 


Paiidam, Ra7igpo F. 0. 

K. Pradhan. — Two or three strong shocks for 240 8ect)nds. Loud rtiports like 
those of cannon shot were heard tM^o or three days before and one just before the 
shock. People ran out of their houses, doors and windows rattled, and loose 
objects fell down. Practically all walls made of stone and mud were cracked. 
Two storey buildings were badly damaged and some of them had to be pulled 
down. At some places the ground was fissured. 
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Rhenok. 

Rax Bahadw T. D. S. Pradhan, — One shock for 166 seconds. Doors and windows 
rattled, hanging objects swung, the observer’s seat moved and loose objects were 
thrown down. Walls of buildings were cracked and the flow of water in many 
springs increased after the shock. 

Namgong ElaJea, Rinchenpung P. 0. 

A, L. D. Lama. — Several shocks for about 300 seconds. Sound like an explosion 
was heard in the distant hills to the south-west after the shock. Walls of many 
buildings were cracked and six dwelling houses of pucca walls were totally destroyed. 

Songy Singtam P. 0. 

Song Kazi. — Three shocks for 180 seconds, preceded by a sound like that of an 
explosion caused by dynamite. Doors rattled, loose objects were thrown and the 
observer’s scat moved. Stone walls of several houses were cracked and three or 
four houses partially collapsed. 


Pakhyong. 

O. Singh. — ^Three shocks for 120 seconds, preceded by a rumbling noise like 
that of a motor car. Doors and windows rattled, hanging objects swung and all 
the bottles in an almirah fell down. Most of the stone walls of houses wore cracked. 

Gangtok. 

AsaistaiU Engineer, P. W. D. — One heavy shock for about 180 seconds at about 
2’26 p. m. followed by numerous slight shocks. Doors and windows rattled and 
ceiling and flooring heavily cracked. Hanging objects swung and crockery lying 
on shelves in the store godown and in certain Dak bungalows in Sikkim dropped 
and broke into pieces. Cracks, some superficial and some serious, appeared in 
the walls of almost all the stone masonry buildings and Dak bungalows in 
Sikkim.. Walls of many buddings in Gangtok cracked heavily. The walls bulged 
in some cases and some of them had to be pulled down. The Dak bungalows 
at Namchi and Dentam with out-houses coUapsod to the plinth. Two of the 
chimneys of the Residency building and a portion of the walls of its houses, of the 
S. T. N. High School and the Palace collapsed. 

• 

Samdong. 

Rai Bahadur Lobzang Ghhoden. — ^Reporting from Lingmo, in the Teesta valley 
near Samdong bridge, he stated that he felt three shocks for about 180 seconds. 
Rattling sounds were heard of stones falling, with a landslip on the left bank of the 
river. Loose objects fell and many houses were cracked. Three or four small 
buildings collapsed, as also the Mani Lhakhang temple at Lingmo. In some place 
the ground was fissured. 


Turuk. 

MoU Chand Prodhan. — Several shocks for 180 seconds, but the main shock 
was felt for ten seconds. The replies are in conformity to isoseismal VII; 
at several places cracks formed in the ground. 
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Ringan. 

Margaret L, Doig . — Several shocks. The proliminary tremors were followed 
by severe ones and shook the Mission House violently. A large part of the front 
wall of the upper storey collapsed outwards. A soimd as of muffled thunder was 
heard continually and it receded and seemed to roll away northwards up the Talung 
valley. All the walls of the Mission House were cracked but no glass panes were 
damaged. 

Tibet. 

Yaiung. 

Suh‘ Assistant Surgeon and Meteorological Observer . — The observer was indoors 
talking to a friend when he felt several violent tremors at 2*18 p.m. Doors 
and windows rattled, hanging objects swung and some loose objects were thrown 
down. His seat was pushed. Walls of three buildings collapsed and several walls 
were cracked. 



CHAPTER XXV. 


ISOSEISMAL VI. 

Within this iaoseismal a large number of small places suffered less severe 
damage, the intensity of which would correspond to V ((}. S. 1. Scale). Lack of 
space, however, prevents enumeration of these places. 

United Provinces. 

Muttra district. 

Muttra. 

Brahvvhiita, Tahsildar. — Two shocks were felt. According to this observer 
the shock in Muttra district was continuous and sufficiently strong to disturb a 
person at rt^st. A rumbling noise wii» lieard before and rluring the shoi'k. Doors 
and windows rattled, hanging objects swung north-south, but nothing was thrown 
down. Walls of buildings were slightly cracked. 

H. (\ Agaruxil, S.D.O.^ P.W.D., Muttra.—One shock which lasted about 120 
seconds and was preceded by a rumbling noise. Doors and windows rattled, hang- 
ing objects swung and the observer’s seat moved. 

Aligarh district. 

Aligarh. 

M. J . Khariy Physics Beparirmuty Muslim University. — Two shocks felt by per- 
sons at rest, Dixirs, windows and loose objects rattled and hanging objects swung. 
Some loose objects fell down and a few old walls were cracked. 

Etah district. 

Etah. 

The CoUector, Etah (list. — One continuous shock with imperceptible breaks. 
Doors, winilows, etc., rattled. Hanging objects .swung east-west. Shock was strong 
enough to shake a pucca building. 

Shah.jahanpur district. 

Shahjahinpur . 

E. Husamkha, Chairmany Municipal Board. — He felt three shocks. Doors 
and windows rattled and hanging objects swung north-south. 

Superintendent of Manufacture. — The main shock lasted about 45 seconds and 
was succeeded by slight quivers for 120 seconds. Hanging objects swung east- 
west and several silver cups fell off the mantelpiece. Walls of some buildings were 
cracked. 

Hup Chandra, Munsiff. — He felt two shocks. Hanging objects swung east- 
west. Some loose objects, fell. Doors and windows rattled. 

( 290 ) 
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Executive Officer^ Municipal Board . — Three heavy and two nlight shocks for 270 
seconds. Felt by every one. Hanging objects swung east-west. Walls of some 
buildings were cracked. 

Rosa. 

P. B. AnneU, Rosa, E.J.R . — One shock accompanied by a rumbling 

noise like that of a heavy train. Doors and windows rattled and hanging objects 
swung. Shed building and flood-light pillars swayed from side to side. 

KhERI BlSTRKn'. 

Kheri. 

Khrri, general . — At Kh(‘ri some people felt a north-south movement nnd some 
an east- west. Most i>eoj>le re|M>rted that hanging objects swung north-south and 
1(K>80 objects fell northwards. One observer rc]M)rtcd some six or sf^ven shocks 
and a very fee ble sound was heard after the main shrs k. Some jx'ople felt an up 
and dovn movement. 

B. A. Hassnin . — He felt one shcH*k whicdi was pr(‘ee(h‘d b\ a sound like that of 
a raotx>r car. Hanging objects sw^ung <‘ast-w<'st. Some of the liuildmgs were 
slightly cracked. 

.V(4RA DISTRICT. 


Aifra. 

M. !{. Kuraishi, Snfierlnfend^ nt. Arch t olfMjiral Snrn if af India. few ol<l 
buddings were cracked. 

(\ IF. Jjocey, Executive Engineer. He felt tuo si'parat* shenks, the si'cond one 
lx)ing of shorter duration (1(M5 .stMond.s) and occurring flti si'conds after 
the first shock. Do(trs and windows rattled, hanging objects moved and the shocks 
were felt by most [K*oplc. 

B. K. Mulcerji, Income Tax Officer. -He felt two shocks for about three' seconds, 
(filing fans swung ciist-west. 

Snperintejident, Taj and other Oovt. grurr/ca v.— He felt one shoe k wliiedi was felt 
by persons at rest. Hanging objects swung and doors and wineleiws rattled. 

Firozabod. 

M. Singh, Executive Officer, Municipal Boartl. —He felt twei sheaks which were 
prec!eded by a humming sound. The shocks were felt by pt'rsons at n.‘8t. 

TufidUi. 

Railu^ty Staff, E.I.R. —Duration of the shock 2tM) seconds. JteKUs and wiiideiws 
rattlt>d, electric hghts wen- swinging and some loose.* objects anci-c thrown down. 
St'veral railway bungalows were cracked. 

Mainpuri DT.STRICT, 

Maitipuri. 

Hariharlal Bhargam.—A rumbling sound was heard during the shock. Doors 
and windows rattled and hanging objects swung oast-west. 
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Farrukhabad district. 

Farrukhahcid, 

C, L, WdUcLcet District Magistrate. — Violent tremors for 90 seconds with side to 
side motion were followed by up and down motion. A dull rumbling noise like 
that of a train approaching a station preceded the tremors. Doors and windows 
rattled, hanging objects swung and the observer’s seat moved. 

TahsUdar, Sadar. — He felt one continuous shock, before which a rumbling noise 
like that caused by an aeroplane was hoard. Walls of some buildings wore cracked. 

Fafehgarh. 

Lt.-Col. F. R. Cosentj 1017th Rajput Regiment. — One shock lasting about 90 
seconds, accompanied by a slight rumbling noise. Doi^rs of his bungalow rattled 
violently, the thatched roof cracked and some plaster foil from the comice. The 
observer noticed waves passing under his feet in the compound and across the 
thatched roof of the bungalow. The direction of movement was west-east. 

Q. A. Dhawaley and B. B. P. Stngh, Deputy Magistrates. — One shock preceded 
by a sound like that of a motor car. Doors and windows rattled, hanging objects 
swung and their seats moved. 

M. M. Seth, Headmaster, Oovt. High School. — Two shocks. A rumbling noise 
like that of a motor car was heard. Doors rattled, hanging objects swung, his seat 
moved, and a time-piece was thrown down towards the south. A tall palm tree 
in the compound swayed north-south. 

Kanaitj. 

B. Mitra Narain, Secretary, Municipal Board. — One preliminary shock for 60 
seconds followed, after an interval of five seconds, by the main shock which lasted 
120 seconds. Some mild rumbling noise was heard after the first shock and the 
soimd resembled that of an aeroplane. Doors and windows rattled, hanging ob- 
jects swung and his seat moved. One or two old walls were slightly cracked. 

Hardoi district. 

SheihaFcid . 

Munsif, Shahabad. — He felt three shocks of which the first was mild and the 
two others appreciably severe. Loose objects rattled, as also doors and windows. 
Hangmg objects swung east-west. Some buildmgs wore cracked. 

Hardoi. 

Assistant Prosecuting Inspector. — He felt throe shocks. Hanging objects swung 
east-west. Objects fell cither oast or west. 

R. C. Good, A.S.W., E.I.R, — Three shocks. Doors and windows rattled, hang- 
ing objects swung, his seat moved. Some buildings in the city sustained minor 

Bilgram. 

Tahsxldar. — A few walls of some buildings were cracked. 

Etawah district. 

Etawah. 

W. W. Finlay, Collector. — He felt a series of tremors, which caused trees to 
shake in an east-west direction. The tremors lasted about 120-180 seconds. 
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S, N, Sctksenat Naib Tahsildar , — One continuoua shock. Doors and windows 
rattled. Roofs and walls of some buildings were cracked. 

Cawnpore district. 

Cawnpore. 

Deputy Superintendent of Telegraphs. — Two continuous shocks for 240 seconds. 
An unusual sound was heard before and during the shock. Doors and windows 
rattled, hanging objects swung, his seat moved and loose objects were throvn down. 
Some houses cracked and collapsed. Mosque pillars were cracked. 

City Talihildar. — One continuous shock accompanied by a rumbling noise. 
Hanging objects swung N.W. — S.E. A few houses fell. 

Tahsildar. — Three shocks preceded by a rumbling noise which continued till 
the end. Hanging objects swTing north-south. Some walls were cracked. 

Suh-Overster of Vnao. — He was at Cawnpore at the time of the earthquake and 
felt three shocks. A sound like that of a railway train was heard during the shocks. 
Hanging objects swung north-south. Trunks fell down in a shop and several build- 
ings collapsed. 

Jalaun district. 

Kalpi. 

Tahsildar. — One shock accompanied by a rumbling noise like that of an aero- 
plane. Walls and roofs of some buildings were cracked. The peak (dome?) of 
the Lanka Tower of Kalpi fell dowm. 

Orai. 

Tahsildar. — One shock preceded by an unusual noise like that of an aeroplane 
and which lasted till the end. Hanging objects swung N.E.— R. W. Three mud 
huts collapsed and walls of a few old and lofty buildings were cracked. 

J If ANSI district. 

Jhansi. 

The Collector y Jhansi dist, — He felt one shock but heard no noise. Doors and 
windows rattled and slight cracks appeared in some of the buildings. 

S. Temple. — Two shocks with an interval of 30 seconds. Total duration 120 
st'conds. During the shock a rumbling noise like that of a train or very heavy 
vehicle passing was heard. Doors and windows rattled, hanging objects swung 
and the bamboo sunshades of the verandah vibrated violently up and dowm. 

Another observer from Jhansi felt one continuous shock getting worse and then 
subsiding. Duration 180 seconds. A continuous rumbling noise was heard. 

Hamirpur district. 

Mahoha. 

Executive Engineer j Ken Canal Division. — One shock preceded by a rumbling 
sound like that of a moving train. Some buildings had slight surface cracks. 

Tahsildar. — Two shocks at an interval of 90 seconds. At the time of the second 
shook a sound like that of a motor engine at distance was heard. Walls of a num- 
ber of houses in the town were cracked. 
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L. Singh . — A continuous shock for 210 seconds, accompanied by a droning sound 
as of an aeroplane. Hanging objects swung north-south. 

Ham ii pur. 

Nalb Tahsildar. — Duration 180 seconds. One continuous but not very strong 
shock was felt during which a rumbling noise like that of a motor car or an aeroplane 
was heard. Doors and windows rattled, hanging objec ts swung, loose objects were 
thrown down and the obsc^rver’s seat moved. Tiles from rcM>f8 of houses were 
thrown down and walls of buildings were cracked to a slight extent. 

Mandaha. 

yaib TalL'iildar . — Walls of many buildings were cracked. 

SlTAPlTR DISTRICT. 

Slid pur. 

i\(tib Tahfiildar. -Vouv shocks were h^lt. D<M)rs and windows rattled and 
hanging objects swung cast-west. Some lof)8e objects were' thrown down. 

Lu(‘KN()\v district. 

Lucl'UOU'. 

Hhdtop of Lvrhnnw. -He felt oru' continuous shock over ISO seconds. Doors 
and w'indowH rattled and pictures fell at all angles. WalK of some buildings were 
cracked. Roofs of two (piarters in Allahabad Foil fell in and the cross fell from 
the sjiire of the Holy Trinity Church. 

M. Victor. — He felt a strong shock which kisb^d o\cr 120 seconds and was ac- 
companied by a rumbling noise*. Many objects in the four-storey house were thrown 
down and all the doors and windows rattl(‘d. The building swayed in a north- 
south direction along its length and portions of the* building were cracked. 

A. S. Athar All Shah, Nnib T ah Mt Ida r. — Three or four shocks accompanied by a 
rumbhng noise. Doors and windows rattled, hanging objects swung and loose 
objects were thrown down. Walls of some buihhngs w(‘rc crackt*d. 

S. K. Mendis, Signal \V orkshop, E. /. One slux k accompanied by a sound 
as if oil were boiling. Doors and wdnflows rattled and his scat moved. Some 
buildings were cracked. 


BaRABANKI DISTRK’!. 

Fatehpur, 

Nnib Tahsildar. — 'Three shocks of which the middle one was the strongest. 
A humming noise like that of an aeri»planc was hearrl during Ihe shock. Hang- 
ing objects swung north-south and loose objects were I brown down towards the 
north. 

Nawabganj. 

Daya Shankar, Tahsildar, Sadar . — One shock, a<;companied by a rumbling noise 
like that of a motor car. The shock was felt both up and down and sideways. 
Loose objects were thrown down from west to east. Walls of building were oraoked 
and tiles thrown off. - 
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Haidargark. 

Tahsildar . — Hanging objeicta swung north-south and loose objects were thrown 
southwards. One shock was felt during which a rumbling noise like that of an 
aeroplane was heard. Walls of some buildings were cracked. 

Unao district. 

V'tmo. 

Vice Chairman, Municipal Board . — Throe shocks lasting about 180 seconds. 
A rumbling noise like that of a railway train was hoartl before and during the shock. 
Doors and windows rattled, hanging objects swung north-south. The observer’s seat 
was moved and loosf' objects wore thro\m towards the north. Walls of several 
houses and domes of several lemples and mos<]ues either fell or were cracked. 

Executive Engineer's OJJice EtajJ. —A rumbluig soimd like that of a motor car 
in motion was hcanl. The shock was fairly strong. Old cracks opened and were 
uudenod. 

Headmaster, Government High School . — Hanging objects swung east- west and 
walls of buildings were slightly cracked. 

A. N. Vgas.-~A strong shock accompanied by a sound like that of a motor car 
coming from the north-west. 

P. S. Varma, Medical Officer, Dial. Hospital . — One shook for 180 seconds dur- 
ing which a sound like that nf a rail-way tram w'as heard. The observer’s seat 
inov(‘d towards the cast. Several building.s were cracked. 

Rak Bareli district. 

Bar Bareli. 

Civil Surgeon . — Felt thref' big shocks and five tremors before and after the 
main shocks which lasted about 2(M) He<*ond.s. A rumbling noise like that of an 
aeroplane was heard Isdon^ the shock. The shm*k was strong enough to crack 
the walls of building.s. 

H. />. Ghosh, lUadmaster, Government High School.— Two shocks lasting about 
250 se<’tindH. lioost* objects, diwws and windows rattled. Water in a pool shook 
ill a N. F. S. W. <hrection. (Vaeks appi*ared on the arehos over several doors of 
the building. 

District and Sessions Judge. -Two shocks of great intensity. Sounds resemb- 
ling that of an jieroplane prt eeded the shock. Walla of several buildings and roof 
arches were craiked. 

Amir Chand, IHsirict Board Engineer . — About four or five shocks. An un- 
usiinl sound like that of n “grinding mill” was heard. Doors afid windows 
rattled, hanging objects swung east-west. Some walls were slightly cracked. 

Kali Prosad, Headmaster, Hindu High School . — He heard a rumbling noise 
and felt an east-west movement. 

A. S. Hussain, Deputy Collector . — One continuous shook during which a sound 
rt'semhling that of a goods train was heard. Doors and windows rattled. Both 
kulcha and pucca walls were crackl'd and some fell. 

B. Upadhyaya, Headmaster, Kisan School . — Three shocks of which the second 
was the strongest. Hanging objects first swung west-east and then north-south. 
A rumbling noise -was heard before and during the shook. 
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P. P. Pandy, — ^Three shookB preceded by a rumbling noise. Hanging objects 
swung east-west. East and west walls were cracked. 

Adioatpur, 

J. N, MUra, SJD.O,, P,W.D., Unao Districi 8adar Canal. — He was at Adwatpur 
I. H. and felt one continuous shock, the intensity lessening for an interval during its 
duration. A motor car rocked to and fro in a north-south direction. Doors and 
windows rattled violently. The floor of the verandah, made of stone slabs, 
quivered violently. 

Fathbpur district. 

• Fatehpiir. 

M, Hussain. — A rumbling noise like that of an aeroplane was heard. Doors 
and windows rattled, hanging objects swung and his seat moved. Walls of a few 
large buildings like that of the kutchery were cracked slightly. 

Permanent Way Inspector, E.I.R. — One continuous shook. Loose objects were 
thrown down and some buildings sustained hairbreadth cracks. 

Banda district. 

Banda. 

Chairman, Municipal Board. — ^Two shocks were felt during which sounds like 
that of an aeroplane were heard. Doors and windows rattled. Some cracks occ- 
urred over the arches of the Jumma Mosque. 

TahsUdar. — Three shocks accompanied by a rumbling noise like that of a rail- 
way train. Portions of some buildings collapsed and many buildings were cracked. 

Divisional Forest Officer. — One shock preceded by a rumbling noise like that 
of an aeroplane. Doors and windows rattled and hanging objects swung east-west. 
Small loose objects were thrown down. Plaster fell from joints of walls and ceil- 
ings. 

Lahshmi Chand, Assistant Engineer, P.W.D. — One strong but continuous shock 
for over 180 seconds. Some loose tiles fell off the roof and walls of some buildings 
were very slightly cracked. 

Qaunhar. 

Overseer, P.W.D. — One heavy and two light shocks. Sounds like a motor run- 
ing at a distance were heard before and during the shocks. Tiles fell from the roof. 
Hanging objects swung north-south. The Jagir Jail was cracked. 

Manikpur. 

P. W. Inspector, O.LP,R. — One oontinuouB shook for 120 seconds. A rum- 
bling noise was heard during the shock. Hanging objects swung north-south. 
Doors rattled and the obeerveris seat moved. 

Bargarh. 

Station Master, O.I.P.R* — One moderate but continuouB shock Isatlng ISO 
seconds. It was preceded by a ‘ thundering * noise. Hanging objects swung 
N.E. — S.W. and loose f®ll north-east. Walls of the 8rd class waiting roon^ 

sustained a few cracks* 
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Allahabad distbiot. 

Jasra, 

Station M aster ^ 0,I»P.R, — One shook for 160 seconds. Hanging objects swung 
north-south loose objects were thrown either north or south. All the walls of a 
waiting room were cracked and the side walls slightly pushed. 

Bahraich district. 

Bahraich, 

D, Singh, Executive Officer, Municipal Board. — A gentle shock followed by a 
strong rocking movement and accompanied by a rumbling noise. Loose objects 
fell east. North-south waUa were cracked, some projections on the second storey 
of houses and tower decorations fell. 

P. Pant, Civil Surgeon, — Sound like that of a railway train was heard during 
the shook. A photo hanging on the wall fell down. Walls and arches of some 
buildings were cracked. 

Subordinate Judge, — One continuous shook which grew in intensity. Duration 180 
seconds. Hanging objects swung east-west. Walls of some buildings were cracked. 

Syed Hussain, 8.0,, Kotwali — -Throe shocks accompanied by a noise like that 
of an aeroplane. Hanging objects swung east-west. I^me buildings were slightly 
cracked. The upper storey of a very old building had to bo pulled down, and some 
brick work feU from the roof of the chauk well. 

B. Nath, District Medical Officer. — ^Two shocks for 180 seconds during which 
an unusual soimd was heard. Hanging objects swung east- west, doors and win- 
dows rattled, his seat moved and loose objects veer© thrown either east or west. 

B. Parsad, Deputy Collector. — Duration 210 seconds. He felt two strong shocks. 

A rattling noise like that of a bullock cart going very fast was followed by a rum- 
bling noise like that of a motor car, and at on© time the sound was like that of thunder 
when it seemed os if great objects were rolling and making a sound which appeared 
to be passing from east to west. Clods of earth fell from the walls and the roof. 
Hanging objects swung ewt-west and loose objects were thrown eastwards. 

Motipur, 

K, Nath, Range Forest Officer. — Four separate shocks, the first and the last were 
mild but the middle ones were fairly strong. Doors and windows rattled. 

Gonda district. 

Qonda. 

A. N. Kapur, Medical Officer. — ^Two shocks during which a sound like that of 
a train running underground was heard. Hanging objects swung esist-west and 
walls of some buildings were cracked. 

P, Sinha. — mUd tremor increasing in intensity and lasting 240 seconds. 
It was acoompanied by a soimd like that of a motor oar. He saw the upper storey 
of his house swaying east-west. Doors and windows rattled. Walls and roofs of 
many buildings in the town were cracked. Parapets, cornices, and portions of 
walls of several houses fell down. Tiles came off the roof. 

Superintendent, District Jail.— One shook consisting of several tremors during 
i^ch a ruo^bling noise was heard. Hanging objects swung east-west and loose 

? a 
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objects were thrown in these directions. Walls of buildings were craolted and 
plaster fell. 

SvhordinaU Judge . — One continuous shook during which a rumbling noise like 
that of an aeroplane was heard. Hanging objects swung east-west. An empty 
bottle fell to the east. Several cracks took place in the Sub Judge’s office and 
Munsif’s court and some other buildings. 

B. K. Singhf Income Tax Office . — One severe shock followed by minor tremors. 
Both the arches of the iiortico of the Income Tax Office were cracked. 

Bankey Bihari Laly Sanitary Inspector . — ^Two shocks accompanied by a rum- 
bling noise. Hanging objects swung east-west. Many buildings were cracked 
and some of them were rather badly damaged e.g. the Police Office, a Deputy Col- 
lector’s bungalow. Municipal School and Civil courts. 

Mohammad Umar, Veterinary Surgeon. — Three shocks. Movement north- 
south. The walls of the compounder’s quarters were cracked at several places 
and bricks fell. 

Bangi. 

G. 8. Cartman, District Opium Officer . — He felt a continuous vibration in a 
north-south direction. The shock approached from eeust and passed westwards. 
A sound resembling that of a strong wind accompanied by a patter of rain was 
heard. The shock was fairly sharp, hanging objects swung north -south and walls 
of buildings were slightly cracked. 

JanakhfUf. 

Divisional Forest Officer . — A tremor followed by one violent shock. Water 
splashed from a bucket in a N. N. W. — S. S. E. direction. Walls of some build- 
ings were cracked. 

Balrampur. 

A. A. Waugh, Special Manager, Balrampur Stale , — He was in the jungle (27®- 
46' ; 82° 13'), three miles south of the foothills of Nepal, sitting on the ground when 
the shock took place. At first be felt a vertical shaking, after about 30 seconds 
this changed to a lateral movement in which the ground appeared to “ swim ”. 
Water in puddles had a marked tendency to pile up on the eastern side of the pud- 
dles, though swinging from side to side. A rumbling noise lasting about 30 seconds 
was heard after the first vertical shock. 

Fyzabad district. 

Ajodhya. 

Medical Officer, Sri Ram Hospital . — Several shocks preceded by a rumbling noise. 
Hanging objects swung east-west. Doors and windows rattled and some walls 
were cracked. 

Fyzabad. 

District Judge . — One oontinuouB shook preceded by a rumbling noise. Doon 
and windows rattled, hanging objects swung and walls of some buUdings were 
cracked. 

Postmaster. — One continuous shock for about 360 seconds. A rumbling noise 
as of a motor lorry was heard during the shock. Hwging objects swung north- 
south and loose objects wette thrown either north or south. 
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Extcutivi Engineer, — One shook accompanied by a rattling noise as of a heavy 
lorry. The rattle increased in intensity for 120 seconds emd then died. A motor 
car standing north-south swayed violently as if shaken sideways by hand. Walls 
of buildings were cracked. 

On the whole the buildings in Fyzabad were more oracked than those at 
Gorakhpur. Only a few buildings in either place were seriously damaged, 
although most of the buildings had many minor cracks. 

/. I. Shaw, Secretary, Museum OommiUee. — A loud noise like that of a huge 
motor preceded the shock. The museum building swayed to and fro. 

Head Clerk, Court of Wards. — Three shocks accompanied by sound as of an 
aeroplane. Many buildings were cracked. 

Taksildar. — ^A sound similar to that of an aeroplane was heard during the shock. 
Loose objects were thrown in dMorent directions. 80 per oent. of the masonry 
buildings and girdered roofs were cracked. A few of them collapsed. 

Major F. E. B. Manning, I.M.S. — One continuous shock accompanied by a 
rumbling noise as of a railway train. His seat moved. Some buildings were crack- 
ed. 

M. O. Sexton, Svb -divisional Officer, Fyzabad. — One continuous shock preceded 
by a rumbling noise as of a heavy laden lorry. Ceding fans swung east-west. Loose 
objects were thrown towards the east. Cracks appeared over arches and on parti- 
tion walk. The top layer of tiles on the roof of the R. C. Church slipped ofiE bring- 
ing a part of the masonry away with it. 

Superintendent, District Jail. — One continuous shock preceded by a rumbling 
noise which lasted during the shock. Hanging objects swung east- west. Some 
of the arches were cracked. 

Agent, Imperial Bank of India. — 'J’wo shocks during which a rattling noise hke 
that of heavy lorry was heard. Hanging objects swung oast- west. Bags of coins, 
weighing 2 maunds 5 seers each, fell down fn>m stacks on all sides in the bank’s 
strong room. Practically all pucca houses of every description wore more or loss 
cracked. 


Fyzabad> Cantonment. 

Major A. Rea, 417th Rajput Rifles. — One shock preceded by sounds as of very 
heavy lorries laden with empty tins. Doors and windows rattled, hanging obji'cts 
swung N.E. — S.W. and loose objects were thrown down in all directions with a 
tendency towards the north-east. Some walk were cracked. 

Tanda. 

P. Singh, Medical Officer. — Three shocks preceded by a rumbling noise, which 
continued during the shock. Doors rattled, hanging objects swung oast-west. 
Old buildings were rather badly cracked. 

Jalalpur. 

Medical Ojpeer. -Movement was north-south. Hanging objects swung in this 
direction and loose objects fell either north or south. Walk of some buildings 
were oracked. 
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SULTANPUB DISTBIOT. 

Musafirkhana. 

TahaUdar, — One oontinuoufl shock for 200 seconds during which a rumbling 
noise as of a railway train was heard. Doors and windows rattled, h a n g in g object* 
swung east-west and the observer’s seat moved. The shock was strong enough 
to crack the walls of several buildings and some mosques. 

MediccU Officer. — Duration 180 seconds. One continuous shock during which 
a rumbling noise as of a railway train was heard. Water in a pot fell. 

SuUanpur. 

Executive Officer, Municipal Board. — One continuous shock with a sound like 
that of a motor car. Hanging objects swung east-west. Several pucca houses 
were cracked. 

Tahaildar, Sadar. — He heard a low rumbling noise preceding the shock like 
that of a heavy lorry or goods train approaching slowly. The noise preceded the 
shock. Hanging objects swung north-south. Loose objects fell either north or 
south. Grenerally the comers of pucca buildings opened to a slight extent. 

Headnmster, Qovt. High School. — One continuous shock with an up and down 
and side to side movement. Hanging objects swung east-west and loose objects 
were thrown either east or west. Walls and roofs of pucca buildings were cracked. 

C. P. Tandon, Medical Officer, District Hospital. — Two definite shocks accom- 
panied by a deep rumbling noise passing underground. Fine cracks developed 
over the walls of the hospital building. Some toys were thrown down. 

K. Kavl, Suh- Judge. — Felt three or four shocks. The roofs of the verandah 
of the Civil Court building and two of the portico arches were cracked at several 
places. 

R. Sankar, Chairman, Municipal Board. — He felt one continuous shock accom- 
panied by a noise like that of a motor car. Hanging objects swung east-west. 
Cracks appeared in several buildings. 

S. P. Sahi, Chairman, District Board. — Rolling, pulsation and grinding under 
the feet were felt. At first the sound was like that of the engine of a big lorry, 
later a grinding sound was heard. Water in a big fountain was thrown out. Doors 
rattled vigorously. Tie rods below arches rattled, chandeliers swung north-south. 
Walls and arches of buildings were cracked. 

Amelhi. 

Tahsildar. — Duration 100 seconds. One continuous shock before and during 
which a rumbling noise as of an aeroplane was heard. Hanging objects swung 
east-west. Some buildings were cracked. 

Kadirpur. 

Tahsildar. — Two shocks lasting about 300 seconds. Doors rattled, hanging 
objects swung oast-west and loose objects fell either east or west. Walls of build- 
ings cracked a little. 
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Baati distriot. 

Bansi. 

TahtUdar . — Several shocks of which the middle ones were the severest. Direc- 
tion of movement was east-west ; 15 per cent, of the houses and most of the north* 
south walls were cracked. 


BasU, 

8. A. Alt, Tahsildar. — Duration 160 seconds. Three continuous shocks, the 
last having a circular component. The shocks were preceded by a rumbling noise 
as of an aeroplane, or a train running at a high speed. Hanging objects swung 
N.E. — S.W. Buildings were cracked mostly from top to bottom. 

Domariaganj, 

A. Ahmad, Tdhaildar. — Duration 160 seconds. Two to throe shocks in quick 
succession. Rumbling noise was heard before and during the shocks. Hanging 
objects swung east-west. Horizontal cracks appeared on the walls of buildings. 

Gorakhpur district. 

MaJuirajganj, 

O. 8. Lai. — Trees swayed east-west. Walls of several buildings were craoked 

Siswa Bazar. 

N. 0. Bose. — One shock accompanied by a rumbling noise. Loose objects 
rattled. Ink pots fell on the table. Hanging objects swung. 

Gorakhpur. 

J. 11. Izat, Office of the Agent, B. de N, W. R. — Total duration of the shock was 
180 seconds. First a strong tremor with imdulations about three per second which 
decreased and then suddenly increased and become hard and jarring before it died. 
A sound like that of a train or heavy lorry was hoard during the shock. Many 
bungalows were cracked and the top of one chinmey was thrown down. Overhead 
fans swung violently (3-4 ft.) to and fro, in an east- west direction. 

O. Shanker, Naib Tahsildar, — One continuous shock accompanied by a rum- 
bling noise. Many houses were cracked and some of them collapsed. 

A. W. While . — One shock with a rumbling noise as of a storm approaching. 
Doors and windows rattled, hanging objects swung and a few buildings were cracked. 

A. C. Felly, Principal, St. Andrew's College . — The shock was accompanied by 
a rumbling noise like that of a heavy steam roller. Doors and windows rattled, 
hanging objects swung east-west. Attlee in the laboratories and one almirah 
fell. Buildings were cracked. 

D. do N . W . Railway Staff . — Duration 120-192 seconds. One continuous shock 
before and during which a rumbling noise as of a motor lorry or aeroplane was heard. 
Doors and windows rattled, hanging objects swimg and loose objects fell. Walls 
of many buildings were cracked. A large steel structure swayed east-west over four 
inches. 

Q, Lai, Headmaster, QovU High School . — ^Flower vases weighing two pounds each 
were thrown down from a height of seven feet. Walls and an^ea cracked hori- 
zontally. 
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Tamkuhi Rood, 

A, B, KhaUf SkUion Master. — Goods shed building and station were badly cra- 
cked. Heyeral houses in the village were badly damaged and some of them 
partially oollapsed. 

Rajputana. 

Bharatpur State. 

Bharatpur. 

C. P. Hancock, President, Council of State, Bttaratjmr. — Several shocks lasting 
120-180 seconds and observed by all. Time 14.15 hours. An undcrgi*ound rum- 
bling was heard besides rattling of doors. Hanging objects swung cast- west. Walls 
of a few buildings were cracked. 

Karauli State. 

Karauli. 

Boo Bahadur S. N. Shanna, Dewan. — ^Time 14.15 hours. 'IVo separate shocks 
for 300 seconds, the second being intense. A rumbling and rattling sound like 
that of a passing aeroplane preceded the shocks, which were w idely felt. Doors and 
windows rattled, hanging objects swung cast- west. The observer's seat was shaken 
and walls of buildings were cracked. A few old buildings collapsed. 

Dholpur State. 

Dholpur. 

K. Tetvari, Financial Secretary. — Three distinct shocks, of which one was very 
strong, in addition to many minor tremors, all lasting 30t) seconds. A rumbling 
noise like that of an aeroplane was heard during the shocks. Doors and windows 
rattled, hanging objects swung oast-west, the observer’s seat was moved and walls 
of a few buildings were cracked. 

Narain Singh, Assistant Revenue Secretary. — ^Thnxs or four shocks for 240 seconds, 
felt by persons at rest. Loose objeeis rattled, hanging objects swung east-west, 
borne clay fell from walls and the Joints of some walls were cracked. 

Q. K, Qoswami, Assistant Private Secretary. — One shock for 120 seconds accom- 
panied by a rumbling noise like that of a road steam roller. Hanging objects swung 
east- west and walls of buildings were crocked. 

Nahar Singh, Customs Officer.— One strong shock for 120 seconds accompanied 
by a hissing sound under the feet. Cracks were seen in certain buildings and some 
old buildings collapsed. 

Capt. J. B. Clutterhuck, Assist. Executive Engineer, Chamhal Bridge. — Dura- 
tion 120-180 seconds. Hanging objects swung north-south, llio Senior Bridge 
' Inspector, who was standing on one of the piers of the Chambal Bridge stated that 
the free ends of the girders moved half an inch longitudinally from north- south. 

E. A. Thorpe and A. N. Thorpe. — ^Three shocks or tremors for 180 seconds pre^ 
ceded by a rumbling like that of a heavy motor lorry. The s(*cond observer was 
awakened from sleep. Doors rattled and hanging objects swung N.E. — S.W. 
A clock on a sideboard fell down and some plaster cornice fell. 
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Bundi State, 

Bundi, 

Executive Engineer. — One uontinuous shook at 14.16 hours lasting 120 seconds. 
A sound resembling a * grinding mill * was heard during the shook. Persons at rest 
folt the shook, doors rattled, the observer’s seat moved and some loose objects 
were thrown down. 


Kotah State. 

Kotali. 

Itai Bahadur Pandit B. Nath, Member, Mahahma Khas, Kotah State . — Twogor 
throo strong shocks lasting 120-180 seconds. In some places a rumbling noise like 
that of a motor ear about to start was heard before the shocks were felt ; no such 
soiuid was heard at other places. Persons at rest felt the shocks, doors and win- 
dows rattled, hanging objects swung and the observer’s seat moved. Loose objects 
were thrown down in some places and superficial cracks appeared in several build- 
ings. 

Baran. 

Station Master.- One ct)ntinii()U8 shook for 120 seconds. The station roof 
rattl(*d and wagons standing in the yard moved to and fro with the shock. 

Salpura. 

Station Master . — A sbght shook for one second. 

Jh ALA WAR State. 

Jhalrapatan. 

B. L. Sharma. -I’imc 11.18 hours. One shock for 129 secondK. Tt was felt 
by persons at rest, doors and windows rattled and the observer’s seat moved. 

Central India. 

Baoni State. 

Baoni-Kadaura . 

M. A. Khan, Deuan, Baoni State , — ^Three shocks for 30 seconds and trembl- 
ing fur several minutes. A sound Uko a nicning engine was heard during the shocks. 
Doors and windows rattled, hanging obleots swung east- west. The observer’s 
seat moved and l(X)8c objects wore throw r down. There wore many cracks in the 
hospital building. 

Beri State. 

Ben. 

I). P. Johary, Katndar of Beri . — ^Two shocks at an interval of two or three min- 
utes. Total duration of the shocks was 160 seconds. A rattling sound was heard 
just before the shocks. Persons at rest felt the shocks, doors rattled and hang- 
ing objects swung east-west. Some loose objects “were thrown westwards. A 
few old masonry walls were cracked and a few kutcha houses collapsed. 
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Samthab State. 

SanUhar. 

The Dewant Samthar State. — Two or three mild shocks in continuation for 240 
seconds. During the shocks a sound aa of an aeroplane was heard. Doors and 
windows rattled and hanging objects swung east-west. 

Datia State. 

Datia, 

Khan Bahadur Kazi Sir A. Ahmady C.I.E.y O.B.E.y I.S.O.t Dttvany Datia State . — 
One continuous tremor for 270 seconds during which a rumbling sound was heard 
undergroimd. Doors and windows rattled and hanging objects swung. His chair 
was shaken and cracks appeared in several buildings. 

Banka Pahari Jagir (State). 

Banka Pahari. 

J. Lai. — Two shocks for 180 seconds. During the shocks a sound was heard 
which resembled that of several motor vehicles. Doors and windows rattled and 
hanging objects swung east-west. The observer’s seat moved, tiles fell from roofs 
and birds flew. Plaster cracks appeared in houses and weak kutcha structures 
were damaged. 

Bihat Jagir (State). 

Kohnia. 

Brij KishorCt Kamdary Bihat Jagir. — Two shocks for 240 seconds. An unusual 
sound like that of a motor car or an aeroplane was hoard before and during the 
shocks. Doors rattled, hanging objects swung east- west, loose objects were thrown 
either east or west and the observer’s seat moved in the same direction. Walls 
of some buildings were cracked. 

S ARIL A h)TATE. 

Sarila, 

P. NaraiUy DewaUy Sarila State. — Two shocks for 180 seconds. A sound like 
that of the running of machines was heard during the slu)ok. Doors and windows 
rattled, hanging objects swung east-west and the observer’s seat moved. Slight 
cracks appeared in dilapidated buildings. 

JiGNi State. 

Jigni. 

The Kamd<i/r of Jigni. — One severe shock for 180 seconds. It was preceded 
by a sound like that of an aeroplane or the approach of a motor oar. Dwrs and 
windows rattled, hanging objects swung north-south, the observer’s seat waa shaken 
towards the south and loose objects fell in the same direotion. The palace walls 
were cracked and two houses and the office building collapsed. 
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Dhxjewai Statb. 

Dhurwai. 

Tht Kamdar of Dhwrwai . — One shock for 180 seconds. It was preceded by a 
sound like that of a train. Persons at rest felt the shock. Loo e objects fell west- 
wards. Tiles feU from the roof. 

Tohri Fatehpur Jagir (State). 

Tohri FcUehjmr. 

C. B. 8%n^h . — Two shocks for 120 seconds. Unusual sounds resembling “drum 
beats *’ were heard before the shocks, which were felt by all. Hanging objects 
swung N. E. — S. W. Walls of some buildings were cracked. 

Charkhari State. 

Charkhari. 

R. P. Tiwarif Chief Revenue Officer . — One continuous shock for 180 seconds. 
A sound like the approach of a goods train was heard from the beginning to the 
end of the shock, which was slight at the beginning and end and strongest in the 
middle. Doors and windows rattled, hanging objects swung and the observer’s 
seat was shaken. Loose objects were thrown down in all directions and walls of 
old jmcca buildings were cracked. 

Pahra Jagir (State). 

Pahra, 

B. Lalf Kamdary Pahra Jagir.— One shock for 60 seconds. A sound like that 
of a lorry was heard during the shock. Hanging objects swung cast-\%e8t and the 
observer’s scat moved. Tiles fell from the roofs of many houses and loose objects 
were thrown westwards. 

Taraon Jagir. 

Chitrakot. 

Assistant Station Mastery 0. 1. P. R. — Several shocks, commencing with a rum* 
bling noise as of a motor car. The first shock was mild and was foDowed by stronger 
shocks. The station doors rattled and ceiling lamps swung violently west-east. 
The ground shook in the same direction. 

Paldeo Jagir (State). 

Nayagaon. 

B. Prosody Kamdar.— One shock for 300 seconds. A rumbling noise like that 
of a heavy machine rolling underground was heard during the shock. Hanging 
objects swung east- west and loose objects were thrown down towards west. The 
observer’s seat was shaken. Walls of some buildings were otackod. 

Baraunda State. 

Baraundn. 

Dewan, Baraunda State.— One shook for 30 seconds. Three minutes before 
the perceptible shook a loud noise as of an aeroplane flying overhead was heaid 
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and it oontinoed for about a minute. Moet penona felt the shook. Loose objects 
rattled and tiles fell from the roofs of houses. 

Alipura State. 

AUpura. 

Rattan Singh, — An earthquake of rather severe intensity lasting about 180 
seconds was followed by a mild tremor for 120 seconds. The shook travelled east- 
west and was preceded by a noise like that of a motor oar also travelling in the 
same direction. Doors and windows rattled^ hanging objects swung east-west 
and the observer’s seat was shaken. Some loose objects were thrown westwards 
and old walls were slightly cracked. 

Garrauli State. 

The Kamdar of Oarrauli. — Three shocks lasting 180 seconds. The middle 
shock was the strongest and lasted longer than the two others. Before and during 
the shocks sounds like the rattling of a heavy lorry driven at full speed or the roaring 
of an aeroplane were heard. Trees swayed, persons lying on beds were jerked up, 
doors rattled and buildings trembled. 

Bijawar State. 

Nowgong. 

S. N. SrivasUiva, Meteorological Obaerver, — ^Three successive and separate shocks 
for 240 seconds. A rumbling noise was heard during the shocks. Doors rattled, 
hanging objects swung, the observer’s seat was shaken, loose objects fell and walls 
of some buildings were cracked. 

Bijawar. 

The DewaUf Bijawar State. — Two shocks for 180 seconds. A rumbling noise 
like that of a car was heard during the shocks. Doors and windows rattled, hanging 
objects swung N. E. — S. W., the observer’s seat moved and loose objects were 
thrown towards the north. Certain buildings wore slightly cracked. 

Orohha State. 

Tikamgarh. 

M. Paul, Dewan, Orchha State. — One continuous shock for 180 seconds. An 
underground rumbling noise at the beginning changed into a noise like a motor 
car engine. Most persons felt the shock, doors and windows rattled, hanging objects 
swung and the observer’s seat moved. 

Panna State. 

Panna. 

V. Chand, Superintendent of Police. — One shock for 180 seconds accompanied 
by a rumbling noise. Persons at rest felt the shock, doors and windows rattled, 
hanging objects swung north-south, the observer’s seat moved and some loose 
objects were thrown northwards. Some buildings were slightly eraedeed. 
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Kothi State. 

Kothi, 

The Dewany Kothi SkUe. — Duration 210 seconds. One shock preceded by a 
sound that continued for a few seconds, and resembled that of several cars in 
motion during the shock. Hanging objects swung N. W. — S. E., the observer’s 
seat moved and some loose objects were thrown towards the south-east. Walls 
of some of the double storey buildings made of stone and lime were cracked. 

Nagod State. 

Nagod. 

L. 8. B. Singhy Presidenty State Council. — One continuous shock for 180 seconds. 
A rumbling noise like that of a motor car preceded the shook which was felt by 
most persons. Doors and windows rattled, banging objects swung north-south, 
the observer's seat moved and loose objects were thrown down southwards. Small 
cracks appeared in several buildings. 

Ajaigarh State. 

J. K, MathuTy Acting Detain^ Ajaigarh State. — One shock for 300 seconds. A 
rumbling noise as of a motor car was beard before and during the shock. Other 
replies to the questionnaire are in conformity with isoseismal VI. 

Jaso State. 

Jaso. 

Lachman Singh. — Two shocks for 120 seconds. A sound as of a motor bus 
was heard before the shock. Doors rattled, hanging objects swung east- west, 
the observer’s seat was shaken and some loose objects fell towards the west Rome 
buildings were cracked. 

Maihar State. 

Maihar. 

jRai Sahib N. N. MajumdaVy Dewany Maihar State. — ^Two or three shocks of 
different intensity within 180 seconds. A deep rumbling sound as of distant 
thunder or a train on a distant bridge was heard before and during the shocks. 
Doors and windows rattled, hanging objects swung N. E. — S. W. and the observer’s 
seat moved in the same direction. 

Station Master. — One continuous shock for 50 seconds at 14*17 hours. A 
rumbling like the noise of a motor car was heard during the shock, hanging objects 
swung and the observer’s seat moved. A wall of a signalman’s quarters was 
cracked. 

Rewah State. 

Salna. 

Time Keeper, O. I. P. Bailway Workshop. — One shock for 160 seconds during 
which a ‘ gurgling ’ sound, as if a stove were burning under foot, was heard. The 
ground moved east-west and all the fittings and fixtures in the rooms of the work- 
shop were swinging. 
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Rewah, 

SupervnUndeni, Medical Department . — A single oontinnous shook for 300 seconds. 
Doors and windows rattled, hanging eleotrio lights swung N. E. — S. W. A stone 
wall in the jail was slightly oracked. 

Muhammadgarh State. 

Muhammadgarh, 

The Kamdar, Muhammadgarh . — One shock for 76 seconds. It was preceded 
by a sound like that of a fast running motor oar. Loose objects rattled, the seat 
of the observer moved as on a rolling ship. Some of the buildings were cracked. 

Korwai State. 

Korvxii. 

A. R. Khan . — One slight shock for 120 seconds causing doors and windows to 
rattle. Hanging objects swung and the observer’s seat moved. Walls of several 
buildings were cracked. 

Gwalior State. 

Gwalior. 

Sunder Laly Assistant Surgeon, Residency . — Three continuous shocks one after 
another and lasting about 300 seconds. Before and during the shocks a rumbling 
noise as of an aeroplane was heard. Doors rattled, hanging objects swung north- 
south, the observer’s seat moved and loose objects were thrown towards the south. 
Walls of buildings were cracked. 

Khamiadkana. 

Administrator, Khamiadkana Estate . — One continuous shock for 180 seconds. 
Before and during the shock sounds like an aeroplane were heard. Persona nt 
rest felt the shock and doors rattled. Hanging objects swung north-south, the 
observer’s seat was shaken and loose objects fell south. Walls of some buildings 
were cracked. 

ISAGARH DISTRICT (GwALIOR). 

Guna. 

Station Master, Ouna, O. /. P. R . — One shock for 180 seconds. It was felt 
by persons at rest, doors and windows rattled and loose objects were thrown either 
east or west. 

Tumkeri. 

P. W. Inspector, O. I. P. R . — One shock for 160 seconds. Most persons felt 
the shock, doors and wrindows rattled and the observer’s seat moved. Loose 
objects were thrown either east or west. Walls of the P. W. Inspector’s bungalow 
were badly cracked. 

BhILSA DISTRICT (GwALIOR). 

Sumer. 

DaMatraya Narayan . — One continuous tremor felt by persons at rest, doors 
and windows rattled. Walls of some buildings were oracked and the walls of 
“ A ” cabin were damag if: and about four feet of two walls near the roof fell to tl^e 
west. 
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Central Provinces. 

Saugor district. 

Bina, 

ResiderU Engineer^ O. I. P. R. — One continnouB ahock for 180 seconds. Doors 
and windows rattled, walls of several blocks wore cracked and two gabled walls 
on the east and west of a block collapsed. 

R. P, McCready. — One continuous tremor for 180 seconds, felt by persons at 
rest. Some walls were cracked and both tht; side walls of a bungalow fell in- 
wards about five feet from the top, near the roof. 

Satigor. 

S, JI. Y. Ovlstn/im. — One shook felt by persons at rest. Doors and windows 
rattled and some tall buildings wore craokod. 

Afisist^int Executive Engineer. — Minor cracks on the upper portions of the walls 
of several government buildings. Some heavy key-stones of the arches of the 
verandah became loosened in the Civil Court buildings and settled about an inch 
or two downwards. 

Tahsildar. — Two shocks. Some walls were cracked in places. 

H. E. Rchmidi, Overseer, P. W. D. — One shock preceded by a rumbling noise 
like that of carts on a road. Hanging objects swung ; some buildings were cracked. 

Resident Engineer, G. /. P. R . — One shock for 180 seconds. Dooi-s and windows 
rattled and hanging objects swung. 

Damoh district. 

Damoh. 

TahsUdar. — Duration 165 seconds. Three shocks, of which the first was the 
strongest. A sound as of an incoming train was heard before the shocks. Doors 
and windows rattled, hanging objects swung N. E. — S. W. and walls of some build- 
ings were cracked. 

V. I. Merimigh, P. W. Inspector, O. /. P. R. — One continuous circular motion 
lasting about 120 seconds. A rumbling noise was heard before the shock as if a 
train were passing over a bridge. Doors and windows rattled and curtain beads 
swung N. E. — S. W. 

JUBBULPORE DISTRICT. 

Katni, 

P, W, Inspector, O. /. P. R . — One continuous shock felt by persons at rest. 
Doors and windows rattled, hanging objects swung north-south and the observer’s 
scat moved. 


Bihar. 

Palamau district. 

General (Palamau district). — Reports from various police stations all over the 
district show that one continuous shock lasting 120-300 seconds was felt. 
7he sound, comparable to the noise caused b^ an aeroplane or a piotor oar, 
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was audible in some oases before and in all cases during and in one case after the 
shoclt. The shock was felt by almost everybody, doors and windows rattled, 
tiles from roof and loose objects fell and large and old buildings were slightly cracked. 
In one or two instanoee huicha walls collapsed. 

Banka, 

P, Singhy Svb’Inapedor of Police . — One continuous shook for 300 seconds. Before 
and during the shock an unusual sound like that of an aeroplane or a motor was 
heard. Hanging objects swung, doors rattled, the observer’s seat moved and 
big buildings were damaged. 

DaUonganj, 

Superintendent of Police^ Palamau . — ^A mild shock gradually becoming intense 
and very severe. Duration 240 seconds. A rattling sound was heard at the 
beginning of the shock and it changed into a rumbling sound later. The ground 
shook badly making it difficult for one to remain steady. Walls and roof of the 
bimgalow were badly cracked. 

At Singra, five miles north of Daltonganj, the earth on the bonks of the rivers 
Gursote and Amanat were cracked. Water shot out up to five feet in height at 
the junction of the Koel and the Amanat. 

M. A. Ashruff, Meieorological Observer . — One shock for 300 seconds from 14*11 
to 14*16 hours. Unusual sounds like those of an aeroplane or motor car were 
heard during the shock, which was felt by most persons. Doors and windows 
rattled, hanging objects swung and loose objects fell. Walls of almost all the 
buildings were cracked. 

A . K. Bose, Forest Banger . — ^Five shocks for 360 seconds, during which a sound 
resembling that caused by a railway engine passing at a distance was beard. 

Latehar. 

0. 8. Singh, Svb-Inspector of Police . — One continuous shock for 180 seconds, 
accompanied by a sound as of an aeroplane. The shock was felt by persons at rest, 
doors and windows rattled, hanging objects swung and walls of buildings were 
crocked. The observer’s seat was shaken. 

Hazaribagh district. 

General (Hazaribagh district). — Reports from the police stations in various 
parts of this districts show that the earthquake was widely felt in Hazaribagh dis* 
trict and was accompanied by a rumbling noise comparable to that made by an 
aeroplane or motor car or railway train. Cracking of houses was general, the 
Parasnath temple and the dak bungalow at Parasnath were damaged. At many 
places tiles fell from roofs of houses. 

Kodarma. 

8. 8. Prasad, Bange Officer . — One shook for 120 seconds. It was preceded by 
a sound like the approach of a motor car. Doors rattled, hanging objects swung 
and the observer’s seat moved. Walls of several buildings were cracked. 

Sub-Inspector of Police . — One shook for 240-300 seconds. A rumbling noise 
as of an aeroplane was’ heard. Doors rattled, loose objects fell and a^ut 75 
buildings were cracked. 
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Barhi, 

8vb-lnsj>ecior of Police. — Two shocks for 240 seconds. A rumbling noise as 
of an aeroplane was heard. Doors rattled and the observer’s seat moved. WaUs 
of buildings were slightly cracked. 


PartabpuT. 

Svb-Inspeclor of Police. — The shock l^ted 180 seconds. The replies to the 
questionnaire are in acoord with isoseismal VI. 

Chair a. 

StA’lnspecior of Police. — One shock for 220 seconds accompanied by a rumb- 
ling noise as of an aeroplane. The replies are in accord with isoseismal VI. 

Hazaribagh. 

Svbdiviaional Officer ^ Sadar. — One continuous shock for 180 seconds during 
which a humming noise was heard. Walls of many buildings were cracked. 

C. Ghoudhury^ M eiexjrological Observer. — ^Time 14*11 (I. S. T.). Several jerks in 
quick succession wore felt over a period of 240 seconds. Some of the later jerks 
were quicker and more severe, and five minutes after the main shocks a slight 
shock was felt. A muffled, rumbling noise b‘kc that of a heavy motor van passing 
at a distance was heard. The earthquake was felt by most persons, doors and 
windows rattled and the observer’s seat moved. Walls of buildings w^re cracked, 
the turret on the north-western comer of the local college building collapsed, 
that on the north-eastern comer swayed but did not crack and the steeple of the 
Church w'os cracked. 

Sub-Inspector of Police ^ Sadar.~Tv ,’0 or three shocks for 180 seconds. A 
rumbling noise as of an a(‘roj)lane was h(*anl. Doors and windows rattled, hanging 
objects swung and loose objects were thrown down. All the houses were slightly 
cracked. 

Giridih. 

Subdivisional Officer^ Oiridih. — Several continuous shocks for 180 seconds. 
A rumbling noise as of a railway train was heard. Doors and wdndows rattled, 
hanging objects swung and the observer’s seat moved. Walls of buildings were 
crackeii. 

S. N. Haider, Deputy Magistrate. — One continuous shock for 180 seconds 
during which a rumbling noise as of a motor car was heard. A strong up and down 
movement, shaking the groimd xuider his feet and his table, was felt. Electric 
fans and cciUng lamps swung. Doors rattled and walls of buildings were cracked. 

H. Banerjie, Oiridih Bar Association . — ^Three or four shock for 160 seconds 
accompanied by a rumbling noise as of a heavy motor bus. Portions of some 
buildings and tin sheds collapsed. 

Jhumri Tdaiya. 

G. G. Aiq/tcr.— Time 14*16 (I. S. T.). Duration 480 st'conds with iiitcTmissions, 
there being four or five intervals between the shocks during the last 240 seconds. 
He was sitting at his office table facing north-west and hoard a hollow rumbling 
noise, increasing in intensity, coming from W. 20° N. and passing in the opposite 
direotioa. Two or three seconds later his chair was pushed upwards and for the 

Y 
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first 30 or 40 seconds large but not severe waves appeared. The tremor then in- 
creased in severity and the waves wore reduced to a foot from crest to crest. The 
shocks were most intense during the first four minutes. Roof of a shod built of 
fal wood polos, bamboos and country tiles vibrated with great siwod. 

Ranchi district. 

Bagechampa. 

M. KhaUy Southern Forest Range Officer y Netarkat P. O., Marmaiy Ranchi , — 
In the jungle, sitting, he felt one shock for IftO seconds. Before and during the 
shock a rumbling noise, like that of a train in motion, was heard. Ho almost fell 
when he stood up. Nuriah (country) tiles from a sloping roof fell and several walls 
of buildings in the locality were cracked and some collapsed. 

Ranchi. 

E. Horsfieldy Deputy Commissioner y Ranchi district. — ^Two shocks separaWd 
by a short interval. Duration 240 seconds. The vibration was accompanied by a 
noise aa of an approaching heavy lorry or train. Persons at rest felt the shocks, and 
doors and windows rattled. Walls of building were cracked. 

Charu Chandra Royy Meteorological Observer. — Time 14*12-14‘16 hours. Dura- 
tion 180 seconds. Two poroeptible shocks accompanied by a rumbling noise aa 
of an aeroplane. Doors and windows rattled, hanging objects swung, loose objects 
were thrown down and his seat moved. The office buildings of the Executive 
Engineer were cracked and greater damage was done to some of the old masonry 
buildings of the town. Several ))uildings at Kanko Mental Hospital wore cracked 
and the P. W. D. Divisional office and an okl tiled building at Dorandah were 
cracked. Eye-witnesses stated that in some eivses the cracks opened as much as 
two inches during the shocks. Corners and junf'tions of most of the walls wore 
cracked and plaster fell down in theao buildings. 

N. 0. Dwnhary Superintending Engineer y Chola Nagpur r’irc^c. — He w,u> re- 
clining on a couch and felt one shock for 180 seconds. At first there was a rum- 
bling sound for a second and then the couch started to tremble and all the doors 
and windows rattled violently for 180 seconds, the maximum intensity of th(‘ rattling 
was during the first 90 seconds. His wife was aroused from sleep. Objects bunging 
on the verandah wall swayed about and two silver cups on pedestals were knoi'kod 
down. All the pictures on the north and the south walls ended up with a decided 
slope downwards towards the cast, those on the east and the west walls remained 
as they were before. Ho felt a decided east- west movement. There were two 
slight cracks in his pucca house and practically every pucca house in Ranchi got 
slight cracks. Some of the Icvicha-pucca buildings sustained larger cracks. 

Immediately before the shook a strong wind was blowing from the north-west. 
Daring the shock and for about 16 minutes afterwards there was a dead calm ; 
tlio strong wind then recommenced blowing. 

Manbhum district. 

Dhanbad. 

C. Forrestery Vice-Principaly Indian School of Mines.— Time 14*16-14-19 hours. 
Duration 240 seconds. A sound as of rushing wind was heard immediately prior 
to the shook : during the main shook and immediately thereafter a deep- toned 
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rumbling noise wa« beard. The shock waa felt by persons at rest and caused bottles 
and various objects on shelves to overbalance and fall to the floor. A pendulum 
and ceiling fans swung in a direction east-west approximately. All the old cracks 
in the school building were widened and new cracks appeared in wails running 
oast-west. There was evidence on the roof of slight compressional forces acting 
oast-west, producing north-south cracks with slight overriding. 

S. C. Ohosh, Head Assistant, Additional D. C.^s Office. — Time 14*15 hours. 
Duration 96 seconds. One shook c»f moderate intensity at commencement and then 
a continuous shock for about 90 seconds of same intensity which diminished later. 
A rumbling sound as of a heavy lorry was heard during the shock. Doors rattled, 
hanging objects swung, his seat was shaken and he went out of doors. Walls of 
almost all the buildings were cracked more or less and a portion of the roof of the 
Grst floor of an old building collapsed. Fire and smoke issued from fresh fissures 
in the ‘ fire areas ’ of Jharia and Bagdigi. 

8. Alexander. — Time 2*16 p.m. Duration 200 seconds. He felt three tremors 
of which the second was the strongest. Loose objects were thrown down and 
walls of buildings were cracked. 

R. K. Bose, Inspector of Works, E. I. R. — One shock for 120 seconds. Several 
buildings were cracked. 

Rev. J. Dohet, S.J. — He was driving his car between Asansol anfl Sitarampur 
and on a certain climb of the rood, at about the time of the quake, he felt an 
unusual, sudden but momcuitary failure of power without knowing that it was 
due to the earthquake, of which he learnt on his arrival at Dhanbad. 

Pra dhanklian ta . 

P. W. Inspector, E. I. R. —One shock for 180 seconds accompanied by a rattling 
sound. Doors and windows rattled, hanging objects swung, the observer’s seat 
moved and walls of some buildings were cracked. 

Kashipur. 

Abdul Majid, Rub-lnspcctor of Police. — Duration 160 seconds. Several shocks 
during which a rumbling noise as of an aeroplane was heard. The repUee are in 
accord with isoseismal VI. 

Jhalda. 

II. N. Mukerji, Sub- Inspector of Police. — Duration 180 seconds. I'hree seiiarato 
but continuous .shocks during which a rumbling as of an aeroplane waa hoard. 
Most people felt the quake, loose objects were thrown down and walls of buildings 
wore sliglitly cracked. 

Purulia. 

Rai Sahib P. N. Mukherji, Sadar S. D. O. in Charge, Manbhum. — Duration 190 
seconds. He felt two shocks during which he heard at first a rumbling noise like 
that of a heavy lorry passing at a distance and later like the dioning of an aert>plane 
flying overhead. The shocks were felt by persons at rest, doors and windows 
rattled and his clock swung out of lino and stoiipcd. A stationary motor cur first 
swayed east-west and then north-south. Some buildings were slightly cracked. 

Hura. 

J. N. Mukerji, Sub-Inspector of Police. — Duration 210 seconds. One severe 
shock was felt during which a rumbling noise as of an aeroplane was heard. Doors, 

Y 2 



BIHAB-NBPAL EARTHQUAKE! OF 1934. 


ai4 

window tilee, etc., rattled, and walls arches and oompound of the police station 
were cracked. None oould remain sitting. Plaster, photos, etc., fell. About 
30 per cent, of the houses in the jurisdiction of the thana were cracked and one 
house coUapeed. Water in wells and tanks was badly shaken. 

Bafjhmu'iidi. 

OJficer in Charge ^ Baghmundi Police Station. — One strung shuck preceded by a 
rumbling noise as of a motor car. 

Bandwan. 

Officer in Charge, Bandwan Police Station. — Two shocks for 00 seconds. A 
rumbling noise was heard during the shock, which was felt by persons at rest. 
Doors and windows rattled, hanging objects swung, louse objects were thrown 
down and walls of buildings were cracked. 

Santal Pabganas. 

Pakaur. 

H. N. Jha, Kanungo. — Duration 120 seconds. One shock during i\hieh a 
rumbling noise was heard. Persons at rest felt the shock, d(K)rH and windows 
rattled, loose objects fell and the ubsorNcr’s seat movcnl. The S. D. O.’s Court 
budding sustained slight damage and the sub-jail and half a duziui private houses 
were slightly cracked. 

Mrs. 8. 0. Hughes. — Duration 300 seconds. One continuous shock, causing 
doors and windows to rattle and the observer’s scat to shake. Hanging 
on the verandah swayed cast-west and ceiling lights and fans swaged in a circular 
fashion. Several houses, the Court and the Raja’s palace had cracks in the walls. 

Jamtara. 

JRai Sahib S. N. Sen, Svbdivisional Officer, Jamtara • — Duration 240 si'coikIh. 
A continuous series of shocks preceded by a rumbling noise coming fiom Ix'nj'uth 
the floor and resembling the approach of a motor car. l>oor8 and windows rattled, 
punkahs swayed and clocks stopped. Idastcr fell and almost all the public build- 
ings were more or less cracked. 

Kurmalar. 

P. If. InsjKcior, E. I. 11.- One continuous shoik for IHO seconds. It was 
accM)mpuiiicd by sounds like tlu* rumbling of an aj>proaching train which iiicixawd 
till they resembled the noise of hea\> machinery set in motion. Buildings rocked 
north-south, the floor heaved upwaids during the violent shock, followed by the 
ground rotating oast to west for (>0 seconds aft<‘r which the sluxk gradually abaU'd. 
Tiles from the roofs of huts were shaken off and walls of a number of buildings 
were cracked. 


Bengal. 

Birbhum district. 

Dtfbrajpur. 

B. L. Sen, Circle Officer. — One continuous shock preceded by a rattling sound 
as of a railway train and •which persisted during the shock. Doc^ rattled, hanging 
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objects swung north-south and the observer’s seat was shaken. Walls of some 
buildings were cracked. 

Boljpur. 

O. P. Roy, Circle Officer . — A rumbling noise was heard before and during the 
shook. Walls of buildings were cracktni to a small extent. 

Suri. 

P. P. Paly Circle Offilcer, Sadar . — Two shocks, the second being more severe 
than the first. Minor orncks appeared in the walls. 

Burdwan district. 

Asansol. 

D. M. S. Rnberisoiiy E. I. R . — Several shocks for 240 seconds during which a 
rumbling noise was heard. Slight shocks were f(‘lt two houi-s afterwards. Doors 
rattled, hanging objects swung, loose objects fell down and walls of some buildings 
WCTC cm eked. The pnrai)ct of the Loreto Convent collapsed towards the south- 
west. 

N. Jinntrjfc, E. /. R . — A slight movement followed by a heavy shock. Dura- 
tion ISO seconds. During the earthquake a rumbling noise was heard. A few 
buildings in the railway colony were cracked. 

G. li. MnkherjeCy (''hnirnuin, MnnicijxiUfy . — Two shocks felt by all. Doors 
nnd windows rattled, hanging objects swung N. K. — S. W\ and a few old buildings 
wore cracketl, 

Pravakar Rajguru . — Four shocks were felt. The observer’s seat mov'ed and 
he thought that the movement was east-west. Walls of some buildings were cracked. 

Chi)whuriGy Amnisol P, 0. 

Mrs. ir. Ooodger . — IVo separate shocks accompanied from start to finish by a 
dull booming sound like that of a heavy mott)r. A corner of a bungalow collapsed, 
a cement wuUt tank cracked nnd some roofs were cracked. A number of birds 
resting on a tree flew away Mdth nervous cries at the first shock and did not return 
until night. 

HirapuTy Burnpur P. 0. 

F. Smally Bungalow A4 . — HLs office clock stopped at 14*17 hours. Doors 
rattled for 30 seconds as if caused by a gust of wind. Electric ceiling fan first 
swung north-south and then in a circular motion, the diameter of the circle being 
18 inches approximately. Out of doors the ground shook, the duration of the shock 
being 120 seconds. Water in waterworks reserv^oir tilted more than 12 inches. 
Slight cracks appeared in walls over arches built north-south, none over east- 
west arches. 

Ranigmij. 

A. Q. Quha Royy Chairman y Municipality . — One continuous shock alternately 
Increasing and decreasing in intemsity. A rumbling noise was heard just a second 
before the finjil heavy stage of the shock. Doors and windows rattled, hanging 
objects swung north-south and loose objects fell. Several cracks appeared from 
top to bottom of the old buildings. Portion of a parapet of a two-storey building 
and a small room on the terrace of a double-storey building collapsed. 
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Katwa. 

Sanitary Inspector . — Three shockd preceded by a rumbling noise as of ad 
approaching storm. Doors and windows rattled, hanging objects swimg, loose 
objects fell and walls of buildings were cracked. One old two-storey building 
collapsed. 

Burdwan. 

Vice Chairman^ IHsirict Board . — One continuous shock felt by all. Doors and 
windows rattled, hanging objects swung north-south and loose objects fell both 
north and south. Walls of some buildings were cracked. 

Municipal Engineer . — Three shocks causing hanging objects to awing north- 
south. The observer’s seat moved and a few buildings were shghtly cracked. 

Chahdighi. 

Baja M. L. Singh Boy^ C.I.E . — Duration eight minutes. Three shocks of which 
the first two were east-west and the last clock-wise. Doors and windows rattled 
and the observer’s seat moved. Walls of several buildings were craekeii. 

Kalna. 

Suhdivisional Officer . — First shock was followed by a second and severer shock. 
Birds perching on trees flew. Doors and windows rattled, hanging objects swung 
and the observer’s seat moved. Some fifty buildings were slightly cracked. 

Kalipada Chaiterjee . — Three separate shocks were f(‘lt. Hanging objects swung 
north-south and the observer’s scat moved in the same direction. Walls and 
floors of buildings were shghtly cracked. 

Bankura district. 

Bankura. 

P. N. Chaiterjee^ Chairtnany Municipality . — Two shocks during which some 
unusual sounds were heard. Doors and windows rattlc‘d, hanging objects swung 
north-south and the observer’s seat moved, flight cracks api)eared in the walls 
of old buildings. 

Bishnu'pur. 

SvhdivisionaJ Officer . — A sound like that of a motor engine was heard before 
and during the shock, which most people felt. Doors and windows rattled and 
hanging objects sw ung north-south. 

T. OuptUy Sanitary Inspector . — One shock felt by many persons. It was pre- 
ceded by a rumbling noise like that of a motor car which ended with the shock. 
Hanging obj( cts swung north-south, the observer’s seat moved and loose objects 
fell. Walls of some buildings were cracked and one mud wall collapsed. 

Raipur. 

Circle Officer^ Baipur . — Two shocks felt by ever 3 'body. Doors and windows 
rattled, hanging objects swung and the observer’s seat moved. Old buildings 
were cracked. 

Midnapobe district. 

Ghaial. 

B. DutUiy Suhdivisional Officer . — He felt three shocks. Doors and windows 
rattled, hanging objects swung and the observer’s seat was shaken. A window 
of the S. D. O.’s house was disjointed. 
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Hooghly district. 

Ararnbagh, 

A. N, SaharMf Vice Ghairmariy Municipality. — Several shocks preceded by a 
sound like that of an aeroplane at a distance. The sound lasted throughout the 
quake. The observer’s seat moved, loose objects fell and some buildings were 
slightly cracked. 


Taraheswar. 

8nh-Inspector of Police. — One shock with an east-west movement. 

Rishra-Konnagar. 

N. N. lianerjee . — Three major shocks and several tremors which were preceded 
by n sort of rumbiiiig noise. Doors and windows nittlwl, hanging objects swung, 
the observer’M st'at moved and loose objects were thrown down. The movement 
Wfis felt to be north south but th(‘ middle shock was east-\^eat. 

Magra. 

K. B. Chatter, cCf Svh- Inspector oj Police . — Three shocks of which the middle 
one was the strongest. MovcmcTit was east-west. Walls of some buildings were 
eraekfKi. 

Hooghly. 

8. Huqf 8ub-Inepecior of Police.— Just before and during the earthquake a 
sound like that of an aeroplane was beard. Hanging objects swung east-west 
and the observer’s seat moved in the same direction. 

Chinsurah. 

M. C. Qhosh, Svhdiviaional Officer. — Several shocks shook his seat on the dais 
of the court room. Some buildings were slightly cracked. 

Chairman^ Hooghly -Chinsurah Municipality. — Two shocks felt by most people, 
doors rattled, hangmg objects swung north-south and the observer's seat moved. 
Lo(W(* objects were thrown in a north-south direction and some buildings of the 
town were crackcHl. 

A. C. Kar^ 8ub- Inspector of Police. — Two sbcxiks of which the first was cast- 
west changing later to north-south. 


Bansberia. 

W. Poberisony Manager, Bansberia Juie Mills. — Several shocks felt by most 
people. Lamps swayed east-west and some walla wei-e cracked. 

Bhadreswar. 

Vice-Chairman, Municipality. — Two shocks, N. E. — S. W. and east-west. 
Walls and roofs of some buildings were slightly cracked. 

Champdant. 

B. B. Chatter jee. — Two shocks. Hanging objects first swung east-west and 
then north-south. Walls of seme buildings were cracked. 
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Serampore. 

L. A. Ghapmariy Siibdiviaional Officer. — ^Two shocks for 240 seconds, doors and 
windows rattled, hanging objects swung and the observer’s seat moved. The first 
movement was north-south and then east-west. One slight crack appeared in the 
wall of the court building, which is old. 

A. Mukherjee, Overseer. — Four shocks. Doors and windows rattled, hanging 
objects swung east-west and a few old buildings wore slightly cracked. 

UUarpara» 

Ghairmariy Municipality. — The pendulum clocks on east and west walls stopped 
at 14*15 hours, those on north and south walls generally did not stop. The first 
shocks were of mild intensity and were followed by severer ones. Doors and 
windows rattled, trees swayed and rustled. The first movements were west-east 
and later they were N. E. — S. W. Water of a tank rolled oast-west and then 
S. E. — ^N. W. Slight cracks appeared over the arches of old buildings. 

H own An district. 

Amta. 

H. 8. MuklicrjeCy Girdc Officer. — The earthquake was felt universally and 
caused doors and windows to rattle. Hanging objects swung and the observer’s 
seat moved. 

Howrah. 

U. N. Dcls QupUiy Circle Officer, Sadar. — Two severe and a few mild shocks. 
Hanging electric lamps swung north-south. A few houstis wore slightly damaged. 

Ulubcria. 

N. C. Sen, Suhdivisional Officer. — He felt one continuous shock causing doors 
and windows to rattle. Hanging objects swung oast-west. Some buildings were 
cracked. 

Calculta. 

Dr. A. N. Coulson’s note, written a few minutes after the earthquake, has been 
already reproduced on page 24. 

J.Ghaudhuri, Bar-at-Law, Editor, Calcutta WeMy Notes, 34, Ballygunge Road . — 
Doors on the east and west side of the house rattled. • Water in a tank moved up 
the stops iu a mass the clear surface of the water remaining calm in the middle. 
Floating weeds moved from oast to west. The clock on the north-south wall stopped, 
that on the oast-west wall did not. A comer of the southern verandah of the second 
floor of 3, Hastings Street, a very old building, came down. 

S. G. Ohosh, 1-lG, Uriyapara Lane, Entally.—^A slight shook followed by a 
stronger one and then diminishing in intensity. Electric lights swung east-west. 
An east-west wall on the southern side of the house was slightly cracked. 

Satis Chandra Basu, 54, Hari Ghosh's Street. — An up and down movement follow- 
ed by the following movements : — spiral N. E. to S. E., oscillatory N. E. — S. W., 
circular upheaval ]^ing towards south-west, oscillatory sinking towards north- 
east. A rumbling noise was heard at the beginning which was drowned later 
by the rattling of fumitdre, doors and windows. Ceiling fans swimg N. E. — S. W. 
Hanging electric lamps drew elliptical curves in the air, the major axis of the 
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ellipse being N. E. — S. W. A tremendous spiral rising movement from N. E. to 
S. E. was observed, the vortical impact was far greater than the slight oscillation 
which accompanied it, the action increasing and decreasing gradually except for 
a single jerk in the middle of the shock. 

24-Parganas district. 

Dum Bum. 

Officer in GhargCy Police Station. — One shock causing hanging objects to swing 
north-south. Moat people felt the shook. 

Titagar, 

Offiiccr in Chargcy Police Station. — Two shocks felt by most persons. I^oors 
and windows rattled, hanging objects swung (‘ast-w(‘st. Small cracks a])[X‘ared 
in some buildings. 

BarracJcpore. 

Offiiccr in Charge, Police Station. — Two shoc'ks felt by most people. Ooojh 
and windows rattk'd, hanging objects swung and some cracks ap])ear(‘(l in walls 
over the arches. 

Naihati. 

Offiiccr in Charge^ Police Station. — ^Two shocks felt by everybody. Doors rattled, 
hanging objects swung east-west, the observer’s seat moved and loose obj(‘ets 
fell d(nvn both east and west. Walls of some buildings W(‘re cracked. 

Barasat. 

K. K. Hazra, Subdivisional Offiiccr. — Two distinct shocks were felt at first after 
which the shock was continuous. The shock was fairly strong and it was difficult 
to stand or walk steadily. Walls of buildings were cracked. 

Nadia district. 

Krishnagar. 

Subdivisional Officer. — Throe shocks. Loose objects rattled, hanging objects 
swung oast-west, and some objects fell in the same' direction. Walls of a few build- 
ings were cracked and an old wall fell down. 

E. N. Sen, Principal, Krishnagar College. — Two shocks. The replies to the 
questions are in accord with isoseismal VI. 

Chitadanga. 

SvJb-Dep^ity Magistrate. — One continuous shock felt by many people. Doors 
and windows rattled, the obseryer’s seat moved and hanging objects swung east- 
west. 

Meherpur. 

S. Sarker, Subdivisiorail Officer. — One continuous shock felt by all. Doors 
rattled, hanging objects swung east-west, the observer’s seat moved and slight 
plaster cracks appeared in a few buildings. 
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Murshidabad district. 

Jangipur. 

tS. 0, Das QuptUy Circle Officer. — Very narrow fissures, about an inch wide, 
aligned north-south on the chars (shoal) close to tho water lev^cl, on both the banks 
of tho Bhagirathi river. Some cracks appeared in pucca, semi-pucca brick buddings 
and mud huts. 

Myrshidabad. 

8uf)divisioval Officer, Murshidabad. — Two shocks with an imperceptible break. 
A deep roaring was lieard. Doors and windows rattled, branches of trees swayed 
iis in a storm. Hanging objects swung north-south and loose objects fell north. 
Walls of buildings were cracked and portions of old walls and buildings collapsed. 

Lalbaqh. 

Ruhdivisioval Officer, iMlhagh — I'he shock was accompanied by a rumbling 
noise and was felt by most pco])le. Doors rattled, hanging objects swung N. E. — 
S. W., and loose objects were thrown in the same directions. Walls of buildings 
were cracked and many old buildings in tho town partially collapsed. 

Berlmmpur. 

S. N. Hoy, Medical Officer . — One shock gradually increasing in intensity and 
then dying out. A rumbling sound was heard during the shock, which was felt 
by moat people. Hanging objects swung, loose objects were thrown down and 
walls of buildings were cracked. Some walls and portions of old buildings collapsed. 

Jessore district. 

Bangaon, 

Svhdivisional Officer, Bangaon.^ — He felt about half a dozen shocks. Doors 
and windows rattled, hanging objects swung east-west, his seat was shaken and 
walls of some old buildings woj*c cracked. 

J essore. 

Sudhir K. Basu . — One uniform shock which was felt by many people. Branches 
and loaves swung north-south. No sound was heard at Jessore. 

Jhenida. 

Dhirendra N. Boy. — One shock for 300 seconds. Some people were unable to 
stand and some felt giddy. A mango tree was vigorously shaken. A north-south 
movement was felt and a number of buildings were cracked. 

Magura. 

Suhdivisional Officer, Magura. — One shock felt by many persons. Doors and 
window^B rattled, hanging objects swung noith-south and his seat moved. 

Faridpur district. 

Faridpur. 

B. M. Chaiterjee, Meteorological Observer. — Four shocks for 180 seconds. People 
at rest felt the shocks, hanging objects swung and loose objects fell. Walls of 
some buildings were cracked. 
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Dacca district. 

Dacca. 

B. C. Prancey CoUecior . — Five or six ehockfl which were felt by perRons at rest. 
Doors and windows rattled, fans, etc., swung north-scnitli and his seat moved. 
A few buildings were cracked. 

Mymenstnqh district. 

Tangail. 

M. J. (Jarritty S. D. O. — One continuous shock with a slight rumbling as of heavy 
traffic at a distance. It was felt by most people, tloors and windows rattled, and 
lcK>so objects fell. Several buildings wore cracked. 

Mymensingh. 

J. K. BcUy Inspector of Police.— A mild shock was followed by a second one of 
great intensity, and was pr<'C('dcd b}' a rumbling noise. Trees shook violentl\ 
and water in a tank rose to a height of about 30 inches. I’he observer’s s('at was 
shaken, loose objects fell and some buildings wti'c (‘racked. The direelion of 
movement was north-south. 

A. Ghazi . — One continuous shock for 180 seconds. The replies are in accord 
with isoseismal VI. 

Nctrakona. 

B. N. CJialravartyy S. D. 0. — One severe shc(k causiiig crers aiid wir.dcws to 
rattle. Hanging objects swung east-west. The Dihicnseiy. ,lnil and Feme 
private buildings were cracked. 

Pabna district. 

Pabna. 

K. Bagchiy Depvty Magistrate.Seveva} shocks in quick succession at an interval 
of 40-00 seconds. The shocks were preceded by a lumbling noise as of a train 
at distance or the approach of a rain storm. All clocks placed at a height of Jii 
feet or more from the ground stopped, those below this height did not all stop. 
The first movements were definitely east- west but changed to north-pouth. A 
boy riding on a bicycle in a north-south direction was thrown down. Westi ni 
and eastern walls in some buildings had small plaster cracks. 

S. C. Duity Assistant Engineer . — ^Three shocks travelling in a N. W. — S. E. 
direction. A rumbling sound was heard at the commencement of the shocks. 
Trcics shook slightly and some cast-wost walls were slightly cruckerl. 

Rajshahi district. 

Rajshahi. 

A. 8. Larkiny District MagistratCy Bajehahi Diet .- — Three shocks preceded by a 
rumbling noise like that of an omnibus at a distance. Doors and windows rattled, 
hanging objects swung east-west, loose objects were thrown down in the same 
direction, the observer’s seat moved and walls of some buildings were cracked. 

Nator, 

J. Sanyaly Medical Oj^ccr.— Several continuous shocks felt by persons at rest. 
Doors rattled, hanging objects swung and bis seat moved. 



322 


BIHAR-NEPAL EARTHQUAKE OF 1934. 


A. K. Ghalcralmrtyf Headmaster, High School. — One continuous shock in a 
N. W. — S. E. direction. 

B. N. Banerjee, Stationmaster, E. B. R. — ^Three shocks. Some walls of the 
station buildings wore cracked. 

Dighapatia. 

D. N. Ghahrahvrty, Headmaster, High School. — A rumbling noise was hoard 
during the shock, which had a to and fro motion. Doors and windows rattled 
and loose iron posts swayed east-west. 

Naogaon. 

P. M. Didt. — A continuous oscillating movement in a N. W. — S. E. direction 
was f(‘lt. A sound like tliat of a motor car was heard before the shock. Walls 
of som(‘ l)iiildings were crncked. 

Malda dtstrtot. 

Nawabganj. 

Girch Officer. — Two shocks. During and after the shocks a sound resembling 
the i)assing of a car at a distance was heard. Doors and windows rattled, hanging 
objects swung east- west and the observer’s seat moved. Some of the walls of 
old buildings wore cracked over door and window openings. 

Malda. 

S. Rahman, S. D. 0., P. If. D . — One continuous shock, making standing 
difTicijlt. Hanging objects swung north-south. 

R. Das, Meteorological Observer. — Two shocks preceded by a rumbling noise 
like that of a motor car. The sound continued during the shocks. Doors and 
■windows rattled, hanging objects s-wung north-south, the observer’s s('at moved 
and pucca and semi-pucca buildings were cracked. One or two verandahs collapsed. 

Sihgaiij. 

A. T. Mandal, Hcadma 4er, M. E. School . — One shock preceded by a rumbling 
noise. Doors and windows rattled, hanging objects swung north-south and the 
observer’s seat moved. 

Chandpur, Chowdala P. 0. 

Muhammad L. Rahman, Headmaster, M. E. School. — Two shocks accompanied 
by a rumbling noise as of an aeroplane. Hanging objects swung oast-west ; east^ 
west walls of some pucca buildings were cracked. 

Bogra dtstriot. 

General (Bogra dist.). — A large number of reports from various parts of Bogra 
district show that a rumbling noise was heard before and during the shocks, several 
in number according to some and one continuous shock according to others. The 
majority of reports are in favour of an east- west movement, but others are equally 
divided between N. W. — S. E. and N. E. — S. W., and some oteerved a north- 
south movement. Doors and windows rattled, and the shaking of the observer’s 
seat was a common feature. Loose objects were thrown down and walls of 
buildings were slightly cracked in some places. 
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Bogra. 

B, B. Micklicrjec, 8. D. O.y P. W. D . — A scries of trciniilouH vibrations for 150 
bcconds. The apparent direction of the shock was noilh-south ; the pendulum 
of tho ofliec' clock, fixed on the east wall, stopped afU'r the ijiiakc Avas over. A 
sound, like that of a loriy, was heard travelling ('ast-west and it lasted about 30 
seconds. Some east-west walls vere slightly cracked. 

B. P. Boy, Superintendent, Edtvard Industrial School , — One shock preceded 
by a sound like that of a motor bus in motion. Doors rattled, hanging objects 
swung north-south, the observer’s seat moved and small cracks appeared here and 
there on the walls. 

District 8 vh- Registrar . — Three shocks preceded by a faint nois-e as of a motor 
car at distance. Hanging objects swung north-south. Doors and windows rattled, 
and some people felt a N. W. — S. E. movement. 

mu, 

8. N. Ovpta, Headmaster, Rama Nath H. E. School . — One c’oniinuoiis shock 
histing 240 seconds. It was j>re(‘ed(d by a rumbling noise which continued till 
tho end. P(‘rsons at rest felt the shoi'k, doors and windows rattled, hanging objects 
swung and the observiT’s seat moved. 

Din AJ PUR DISTRICT. 

Balurghat. 

P. C. Sen, 8 u Mi visional Officer, Balurghat, -One vibration was lollowi'd by a 
pulsating ujiward movenumt and finally by another vibrating movturn'iit. A noise 
like that of a motor car was hoard. Doors rattled and some buildings were eraeked. 

Dirtajpnr, 

1i. C. Sen, 8 nhdi visional Offiicer, Dinajpur . — One continuous shock Avith a rumb- 
ling sound. Doors rattled, hanging objects swiuig, the observer’s S(‘at moved and 
loose objects fell. Walls of some buildings were eraektsl and plastei tell from some 
of the ceiluigs. 

UaNCPUK DfSTRICr. 

Udibaudlta. 

8. (\ Bagrhi, Snbdirisional Offiner, Gailmndha, Oik' shock \ai\mg in intisisity 
and accompanied by a rumbling noise. Movement appe.ired N. W.— S. E. Doois 
and windows rattled, hanging objects swung and the observer’s scait moved. Minor 
cracks appeared over arches. 

Rangjmr, 

M. Das Gupta, SuhdivisionaX Officer, Sadar . — ^One shock for 80 seconds. Hang- 
ing objects swung cast-west, the observer’s seat moved and some buildings were 
cracked. 

Kurigrarn. 

Svhdivisional Officer, Kurigrarn . — Three shocks, of which the first was the 
strongest. The replies are in conformity with isoseismal VI. 
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Lahnanirhat. 

T. S. H. Ayrc. — Folt a side to side and a circular (rotatory) movement which 
laHted about 300 seconds. Trees in the compound swayed in all directions and a 
rumbling noise was hoard. 

Nilphatnari. 

K. Mitra, Suhdivisional OJJicery Nilphamari. — A series (if intense shocks, during 
which a rumbling sound like the booming of cannon at a distance was hoard. Doois 
rattled, hanging objects swung, loose objects fell and some of the arches of jmcca 
buildings were cracked. 

JALPAlCUltJ DISTRICT. 

(loijirkato (Western Duars). 

SiibdiviaioiKd OJjiccr, F. W . D, — Two shocks preceded by a booming sound. 
Doors and windows jatLJed, the observer’s scat was shaken and a few walls had 
slight surface cracks. 

Dhupguri. 

S. (j. Dull, Dhupguri Police Station. — Two shocks felt by many persons. The 
re])hcs are in accord with isoseismal VI. 

Alipur Duar. 

It. N. MeW illiiLms, S. ]). O, — Oiu' shock felt by jx'rsojis at rt'st. l)(K)rs and 
windows ratfkd, hanging ol)jcclH swung, loose objects fell down and his scat moved. 
Some cracks apiiearod in jilastcr. 

Sid)divi8ioiud Officer^ P. W. D.y Eastern Duars Suhdivisiuji. — A sound like that 
of a rushing sti-irm w'as heard during the siKK’k. Punkah jioles, 10 feet long, swung 
up to live feet. WatcT from bath tubs all full, up to 10 incJies, splashed out leaving 
about one-third. Arches of pucca buildings were slightly cracked and the flfiors 
and stairs of a wooden frame building were partially dislocated. A dry shoal, 
one foot high, in the bed of the Kaljani river was flooded over. 

Cooou Bebar State. 

Dinhata. 

N. N. Roy. — M(»re thtiii three shocks, which were felt by many iiersons. Doors 
laitled, hanging objects swung and trees swayed cast- west. His own seat was 
shaken. 

Maiahhatiga. 

M. M. Ganguly, Inspector of Police.— One shock consisting of a series of pul- 
sations. A sound like the distant ruinbUng of thunder was hoard from the north- 
west. Doors and windows rattled and the observer’s scat moved. Loose objects 
tell cither north-west or south-east. Very slight cracks ap^iearcd in some buildings. 

Coi>ch Behar. 

S. C. Bhattacharjee, Subdivisional Officer, Oooch Behar. — A low rumbling sound 
was heard during the one continuous shook. Trees and houses shook violently, 
doors and windows rattled. Electric fans swayed north-south. Scats moved 
vehemently, loose objects fell northwartls. Walls of many buildings were cracked. 
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U. N. DuU, Fouzdari Ahilkar. — Two shocks, procoded by rumbling noise as 
of a motor car at a distance. Doom and windows rattled, hanging objects swung 
N. W. — S. E. Walls of buildings were slightly cracked. 

Principal^ Victoria College. — Several shocks of varying intensity. Walls of some 
buildings wore cracked. 

M. N. Roy^ Headmaster^ Jenkins School. — Three shocks. Hanging objc'cts 
swung east-west, a few walls hod very small cracks. The tiled roof of a small 
verandah on the western side of the main piuxa school buikling was dciachc'd 
from the wall and sank about two inches. 

B. Bose. — One very strong shock during which a humming noise was heard. 
Trees and houses wore shaken and many j>eoplo felt it difficult to remain standing. 
Loose objects were thrown down, floors and walls of many buildings were cracked 
and a few buildings wore badly damaged. 

Tufanganj. 

Subdivisional Officer, Tufanganj. — One continuous shoi k precc'ded by a runildijig 
noise as of a motor car. Doors and windows rattled, hanging objects swung and 
the observer’s seat moved. Walls of buildings were slightly cracked. 

Assam. 

OOALI’AUA J)ISTniCT. 

Ceneral . — llei>orts from several villages along a naiTow strij> of tlic country, 
on both sid<‘H of tlie Brahmaputra bctAvecn Dhubri and (h)nlpara, shoAv that the 
shock felt tlierc was stronger than that in the n'st of (toalpara district. A numlKT 
of buildings were slightly cracked and a rumbling noise was heard simultaiieoubly 
with the shock in some cases. 

Dhuhri. 

I). N. Dey, MeUorologkal Obs^nur. -He felt six cojitinuous sliocks lasting about 
175 seconds. The earthquake was felt by j)erson8 at rest and was strong (mough 
to make doors, windows, (‘tc., rattle, to make hanging objects swing and to throw 
down hxisc objects. Walls of some buildings were cracked. 

M. A. Choudhunj, Police Station.-— VLo felt one shock for 90 seconds. 

Goalpara. 

M. II. Hussain, Subdivisional Officer, Goaljxtta.- - Wc felt one shock ior KH.) 
seconds whicjh was strong enough to throw down loose objects and to crack the 
walls of buildings. Hanging objects swung. 

Gauripur. 

D. C. Chuckerburty, Dewan, Oauripur Raj Estate . — One shock for 180 seconds, 
causing doors and windows to rattle. Some plaster fell. Old cracks in some houses 
enlarged slightly and bricks fell from an already damaged house. 

ISOSEISMAL ?VI. 

A small area in the extreme south of the Gangetic delta in Bengal 
experienced an intensity which can be expressed partly by isoseism a 1 VI and 
partly by V. The area has been separated from either and included in a 
aeparate iaoseismal marked ?VI. 



326 


BraAR-NEPAL EARTHQUAKE OP 1934. 

Bengal. 

24-PAKGANAe. 

Basirhat. 

Circle OJUicer. — Thivo Hhocks felt by persons at rest. Uoois and ^\iudows rattled 
and banging objects swung east-wc'st. 

Suh-liegiairar. — Two or tbi-eo shocks. Movement east-west. 

Hasanabad. 

Sub-Ptgistrar.— A preliminary shock followed by three shocks (»f greatt>r inten- 
sity. A few seconds before the first shock a lumbbng noise as of an aeroplane 
at a great distance was heard, the sound continuing during the shock. Doois 
and windows rattled and hanging objects swung east-west. 

Kuulna district. 

Mollahal. 

M, All MoUahy OrcrsceTf hrigation. — One strong shock for JKIO sc'conds. I)oors 
rattled, hanging objects swung north-south and the observiT’s scat nuivcd. 

Khnlva. 

A. E. ]io6e, Euhdiviaioruil OJjicer, Khulna Oj\e continuous shock kit by ixusons 
at rest. Doors and windows rattled, hanging objects swung cast-west. Rome 
buildings were* slightly cracked. 

Lt E. Sen Gupta, Meteorological Observer , — Hanging objects swung north-south 
and loose objects fell to the south. 

S. Ghosh, Sectional Officer. — ^Thiee shocks k'lt by persons at rest. Hanging 
objects swung N. N. E. — S. S. W. 

StirkhaU. 

T. Chakrahurty, Sub-Overseer . — One mild shock felt by some persons. Hanging 
objects swung east-west. Doors and windows slightly rattled. 

SatJehira. 

Suhdivisional Officer, Safkhira. — One shock for 150 seconds. It was felt by 
persons at rest, hanging objects swung enst-W'cst and the obseiver’s scat moved. 

Bagerhat. 

A. N. Emf, Sub-Inspector of Police . — Two shocks for 120 seconds. Hanging 
objects swung noi-th-soulh and the <>b6erver’B seat moved. 

Morrelganj. 

N. Ahmad, Sub-Inspector of Police. — One shock for 160 seconds felt by persons 
at rest. Hanging objects swung north-south and the observer’s scat moved. 

Bakarganj district. 

Pirojpur. 

J. N. SarJear, Head Clerk, S. D. O.'s Court. — Three shocks felt by many persons. 
Doors and windows rattled, hanging objects swung N. W. — S. E., the observer’s 
seat was shaken and loose objects fell towards the south-east. Walls of some 
buildings were cracked. 
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BarisaL, 

Exemtive Engineer . — Three Bhocks felt by most persons. Doors rattled, hanging 
objects swung and the observer’s seat moved. Water in a borrow -pit on the river 
bank oscillated east-west. North and south walls of tall buildings were cracked 
and the Colloctorate building was rather badly damaged. Another report from 
Barisal says that two strong shocks in quick succession were felt. Hanging objects 
swung N. W. — S. E. 

Lieut. K. A, Majumdar, S. D. O., Sadar Subdivision {North), North Barisal.— 
8ix shocks felt by persons at rest, doors and windows rattled, hanging objects 
swung east-west and the observer’s seat moved. 

Sherjmr. 

N. Sarlcar, Sub- Registrar . — One shock for 210 seconds. A rumbling noise, as 
of a motor car, was heard before the shock, which was felt by all persons. Hanging 
objects and trees swayed N. W. — S. E, and the observer’s seat was shaken. 

Dhitnat. 

R. Idris, Sub-Registrar, Dhunat . — ^Five shocks for 180 seconds. Before and 
during the shocks a sound like that of a motor bus was heard. Doors and windows 
rattled, hanging objects swayed N. W. — S. E., the observer’s seat moved and walls 
of some buildin^ 2 s were cracked. 

Jessore district. 

Narail. 

Subdivisional Officer, Narail . — One continuous shock for 300 seconds, which 
was felt by all. Doors and windows rattled and hanging objects swung north- 
south. 

Mymensingh district. 

Kishorganj. 

R. K. BhaUacharjee, S. D. O., Kishorganj . — One continuous gentle shock. 
Hanging objects slightly swung north-south. Some buildings were slightly cracked . 



CHAPTER XXVI. 

ISOSEISMAL V+. 

A small portion of the delta of the Mahanadi in eeistern Orissa has been 
included in isoseisihal V4-- Here the intensity of the shock was slightly greater 
than in the reAt of Orissa, which falls within isoseismals V and IV. 

Eastern States. 

TifiiRiA State. 

Tigiria. 

Sub~Inspcctor of Police, Tigiria Police Station. — One shock for 180 seconds. 
It was preceded by a rumbling noise as of a passing motor car. Doors and win- 
dows rattled, hanging objects swung north-south, and his chair rocked a little. 
Some walls were cracked. 


Athgarh State. 

AiJigarh. 

Deonarayan Prasad. — One continuous shock for 90 seconds. It was felt by 
persons at rest, hanging objects swung east-west, and the table on which he was 
writing moved. Walls of some buildings were cracked. 

Duenkanal State. 

Dhenkami. 

Svhdivisional Officer, Sadar. — One shock lasting about 180 seconds. A rum- 
bling noise was heard during the shock, which was felt by persons at rest. Doots, 
windows and loose objects rattled and hanging objects swung north-south. Slight 
cracks in walls. 


Orissa. 

Cuttack district. 

Cuttdck. 

S. Diltvar Ali, Cuttack. — One moderately severe shock for 336 seconds, felt 
by many people. Chairs and tables moved backwards and forwards. The elec- 
.tric wire post on the top of the ijlas swayed north-south. The observer’s seat 
moved and walls of some buildings were cracked. 

Mrs. C. A. Marchant, Winifred House, Ranihat, Cuttack. — One jolt followed 
by severe movements making her feel sick. Duration 300 seconds. Water in a 
tub splashed two and a half inches, at first it moved N. E. — S. W. and then in a 
circular fashion. The shock woke up a sleeping person. Doors and windows 
rattled, hanging lamps swung* and her bed was shaken, 

( 328 ) 
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Jajpvr. 

Suhdiviaional Officer, Jaipur. — Ho was sitting in court trying a case when, at 
14*15 hours, his seat trembled and ho folt a shock wliich lasted about 240 seconds 
and was heralded by a rumbling noise like that of an aeroplane flying overhead. 
Doors, windows, chairs, tables, etc., rattled and many people felt giddy. The 
branches of a peepul tree swayed N. W. — S. E. 

B. B. Babu. — He folt one shock lasting 180 seconds. Just previously there 
was a rattling sound, which resembled that of the tail end of distant thunder. 
Doors and windows rattled, hanging objects swung north-south, and the observer’s 
seat moved. The floor and walls of the local Post Office and those of the Sub- 
Registrar’s Office were slightly cracked. 


ISOSEISMAL V. 

Punjab. 

Karnal district. 

Panipat, 

Khan Sahib Khan Ahmad Haran Khan, Deputy Commissioner. — Half a dozen 
mild shocks for 60 seconds, which were felt by many persons. Doors and win- 
dows rattled and hanging objects swung north-south. 

Rotitak district. 

Rohtak. 

H. Lincoln, D«’pu^y Commissioner. — One long tremor for 120 seconds. 
Doors and windows rattled, hanging objects swung north-south. The Treasury 
office, an old building, had a crack or two in the east-west wall from top to 
bottom. 

Gurgaon district. 

Gnrgaon. 

A. Hussain, Deputy Commissioner. — Three shocks for 90 seconds in quick 
succession, the middle one being quite severe. Doors and windows rattled, hang- 
ing objects swung and the observer’s seat moved. A few buildings were slightly 
cracked. An increase in the water and temperature of the hot sulphur springs 
of Sohna was reported when the shock was fairly strong. 

Loharu State. 

Loharu. 

S. M. Tahir, Secretary, Loharu State. — One shock lasting about 60 seconds. 
A sound as of a railway train in motion was heard. Small loose objects rattled 
slightly and hanging objects swung. The observer’s seat moved and waUs of 
0 bme buildings were cracked. 

Z 2 
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United Provinces. 

Uehra Dun distriot. 

Chakrala. 

Assistant Superintendent. — Two strong shocks for 60 seconds which vigor- 
ously shook his seat and writing table. 

BkaiUt, Mussooric. 

JanJci Nath. — Two shocks felt by persons at rest. Doora and windows rattled 
hanging objects swung N. W. — S. E. and the observer’s seat moved. 

Dehra Dun. 

Haig Oheervatory, Survey of India. — One shock recorded by seismograph at 
14h. 16m. 14s. (T. S. T.). The duration of the shock as recorded by the 
seismograph needle was 3h. 60m. OOs. The shock was felt by persons at rest 
and caused hanging objects to swing. 

O. Acton, District Magistrate. — One continuous oscillation for five seconds. 
There was a rapid movement of the ground in a N. E. — S. W. direction. Electric 
lamps swung slowly north-south about six inches each way. The Forest Research 
Institute was very slightly cracked. 

H. E. Rodrigries, P. W. Inspector, E. I. R. — One shock. Wall clocks stopped, 
hanging objects swung and his seat rocked. 

Raiwala. 

M. Qanapaii. — The observer was in a railway carriage which was standing 
at Raiwala station. He felt three shocks which slightly shook his seat. 

Garhwal district. 

Pauri. 

R. P. Khanduri, Kanungo. — Two shocks during and after which a faint sound 
as that of distant thunder was heard. Doors, windows and loose objects rattled 
a little. 

Chamoli. 

8. Singh, Naib Tdhsildar. — Two shocks which travelled from the south-east. 
Doors and windows rattled, hanging objects swung and his seat moved. Walls 
of some buildings were slightly cracked. 

Jamnagar. 

P. Robertson, Deputy Conservator of Forests. — A continuous tremor with three 
or four more violent phases lasting 130 seconds. Shaking of floor made standing 
uneasy. The table leimp rocked east-west and some plaster fell from the roof 
of the rest house. Boulders (Siwalik conglomerate) were dislodged from cliffs 
'and leaves of trees quivered. 

Saharanpur distriot. 

Saharanpur. 

CivU Surgeon. — One ' shook oausing doors and windowrs to rattle. Electric 
lights swung east-west and pictures moved in the same direction. 
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Roorkee. 

B. J, Puri, Meteorological Observer . — One shook liminng 0 Q seconds. The 
shock was felt by persons at rest and caused doors to ratUe. Hang ing objects 
swung and his seat moved. 


Lahsar. 

Ram Prasad . — Two or three shocks which were felt by persons at rest. Doors 
and loose objects rattled, hanging objects swung, his seat moved and some loose 
objects were thrown. 


MuZAFPARNAGAR DISTRIC5T. 

Muzaffarnagar. 

The Collector . — He felt three shocks of which the last was the strongest. Dura- 
tion 80 seconds. Hanging objects swung east-west. 

Bijnor district. 

Najibabad. 

A. N. Kapoor, Inspector of Works, E. I. R . — ^Two continuous shocks of which 
the second was the more severe. Doors and windows rattled, hanging objects 
swung, and his scat moved. 

Bijnor. 

Naib Tahsihlar. -'I’hrec shocks. I^oso objects rattled and hanging objects 
swung east- west. 

Meerut district. 

Hapur. 

Amor Singh, Inspector of Works, E. I. U . — One continuous shock nccom- 
l)auied by unusual ringing and creaking sound duo to doors and windows. His 
cliair shook. The shock did not awaken sleeping 2 >eople. 

Bulandshahr DISTOICT. 

Bulandshahr. 

11. Johnston, Collector . — One strong initial shock followed by minor tremors. 
Water in a pot was agitated for 120-180 seconds. The direction of the shock 
npiKjartal to be east- west. 

8. 8. Pathak. —Two shocks felt by persons at rest. Doors and windows 
rattled and hanging objects swung. Some walls were cracked. 

Moradabad district. 

Moradabad. 

A. 0. Evans . — Two shocks. The lawn moved in waves after the manner of 
a corrugated iron sheet. 

M. 8. Ahmad, A. 8. W., E. I. R . — ^Two shocks. Doors and windows rattled 
and hanging objects swung. Some of the bungalows were slightly cracked. 

Ghoudhri Ram Bahadur, Tahsildar . — One continuous movement with two 
bhooks. Hanging objects swung north-south. 
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BuDAUN DISTRICT. 

Gummur. 

Pandit Chandar Hava, Naih Tahaildar. — Duration 60 seconds. Tho^e sleeping 
or walking did not feel the shock much. One shock causing doors, etc. to rattle 
wa^ felt by persons indoors as their seats were slightly moved. 

Bisauli. 

Hari Sankar, Tahaildar. — One shock for 120 seconds. Doors and windows 
rattled, hanging objects swung and water in a bucket quivered. Persons resting 
felt the shock. 

Sahas amt . 

Ram Nath, Kanuvgo. — Three shocks lasting 240 seconds. A faint sound as 
of working motor machinery was heard. Persons at rest felt the shock, doors, 
and windows rattled and hanging objects swung north-south. His seat was shaken 

Badaun. 

Pandit Sri Ram. — Two or three slight shocks for 90 seconds. Doors and win- 
dows rattled, hanging objects swung north-south and some loose objects were 
thrown either west or cast. His seat was shaken north-south. 

Dataganj. 

Naib Tahaildar. — Two shocks in succession for 128 seconds. The shocks were 
felt by persons at rest, doors and windows rattled, hanging objects swung east- 
west and some loose objects were thrown westwards. Walls and arches of Data- 
ganj Bench building were cracked. 

Almora district. 

Bageswar. 

F. N. Crofts, Aaaiatavt Commiasioner.—Ho felt one shock which was accom- 
panied by a slight rumbling noise as of distant thunder. Doors and windows 
rattled, hanging objects swung and his seat was shaken. 

Ahtiora. 

B. B. Lai. — One continuous shock. Doors and windows rattled, and his bed 
rocked south-north. 

Naini Tal district. 

Mukteswar. 

K. N . TeuKiri, Meteorological Observer. — A strong shock for 60 seconds was 
followed by a mild one for ten seconds. A rumbling noise was heard during the 
'first shock. Doors and windows rattled, hanging objects swung and some loose 
objects were thrown down. 

Ramnagar, 

B. Abraham, Naih Tahaildar. — One moderate shock for 90 seconds. Door* 
and windows rattled and hanging objects swrung. 

Kashijmr. 

H. D. Paul, Chairman, Municipal Board* — Three shocks for 90 seconds. A 
* hissing ’ sound as of an aeroplane in the distance was heard. Persons at rest 
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felt the shock, doors and windows rattled, hanging objects swung and the obser- 
ver’s seat moved. Walls of two buildmgs had a few cracks. 

Baxjmr. 

J. Stngh, Naib Tahsildar . — One continuous but slight shock for 120 seconds 
which was felt by persons at rest. 

HaUwani. 

H. B. Bhandari . — One slight shock for 180 seconds. Persons at rest felt 
the shock and doors and windows rattled. 

PiLIBHIT DISTRICT. 

Pilihhil. 

Moshin Ali . — Felt three strong shocks. The movements were east-west. 
Four or five walls were slightly cracked. 

Headmuatery Drummoiid Oovemment High School . — One continuous shock which 
caused hanging objects to swing east-west. 


Rajputana. 

Ajmere-merwara district. 

Ajmere. 

Meteorological Observatory y Ajviere . — One continuous shock for 64 seconds at 
14' 15 hours. Persons at rest felt the shock, doois and windows rattled, hanging 
object.M swung and some loose objects w<‘re thrown down. Walls of the Govern- 
ment High School building were cracked. 

Alwar State. 

Nimrarui. 

Baj Bahadur y strong shock for 180 seconds at 14-16 hours. He 

felt the shock whilst bitting on the si-cond storey of his house ; it caused doors 
and windows to rattle and loose objects to move. Hanging objects swung north- 
south and some loose objects fell either north or south. 


Jaipur State. 

Jaipur. 

Head Observer, Meteorological Obserfxitory . — Several continuous shocks were 
felt travelling W. S. W. — E. N. E. Duration 300 seconds. Doors, windows, 
chairs, loose objects and the observer’s table rattled. The observatory “ ohappor ” 
(shed) showered dust and a portion of the pticca wall had a superficial crack. 

Edveaiion M ember t Council of StatCf Jaipur . — Two deserted buildings in a dila* 
pidated condition in the Chaksu town collapsed. 
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Jodhpur State. 

Sambhar. 

The Hakim of Sambhar, Marwar, — ^Abont a dozen shockB for 90 seconds. Per- 
sons at rest felt the shook, which caused doors and windows to rattle and hanging 
objects to swing north-south. Walls of buildings had a few minor cracks. 

Kjshangarh State. 

Kuhangarh, 

K. Singh, — GeneraUy there was one shock but m sonip places two shocks were 
felt. Total duration was three seconds. A sound like that of a motor lorry was 
heard. Doors and windows rattled> hanging objects swung N. E. — S. W., and 
his seat moved in the same direction. 

Lawa State. 

Jjawa. 

N. 8. Naraiut Kamdavy Lawa Chief ship. — Two shocks for 60 seconds. Most 
people felt the shocks. Doors, windows and loose objects rattled and hanging 
objects swimg north-south. Some walls were cracked. 

Tone State. 

Tonk. 

Metnhery Staie Council. — A slight earthquake shock sufficient to be felt by 
persons at rest and to make hanging objects swing. 


Gwalior State. 

Ujjain district. 

Ujjain. 

G. 8. AptCy Superintendenty Shree Jiwaji Observatory . — One mild shock for 
45 seconds.. Roofs of corrugated galvanised sheet iron made a rattling noise. 
The shock was felt by persons on the upper storeys of houses, persons on the ground 
floor did not feel it. Loose objects on upper storeys of houses rattled and hanging 
objects swung north-south. The shock caused cracks in the walls of old and dila- 
pidated buildings. 

Bhilsa district. 

BhUsa. 

Hattalraya Sridhar Datar . — Duration 120 seconds. Two consecutive shocks 
followed by a creaking sound of the walls. The whole house appeared to be pushed 
as it were from below. Corrugated galvanised iron sheets, slabs, etc., on the roof 
and doors and windows rattled. Persons at rest felt the shook, which caused 
hanging objects to swing. 

F, Essaiy P. W. I., 0. I. P. JR. — One shook lasting about 180 seconds. Doors 
and wmdowB rattled, hanging oSjeots swung N. E. — S. W. Some walls were 
cracked. A stack of oast iron chairs fell towards the west. 
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Central India. 

SiTAMAU State. 

Sitarmu. 

Sitamau Darbar . — slight shock. 

Dewas State. 

M. V. Deolekar, Meteorological Observer . — One shock for throe seconds. It 
was felt by persons at rest, and caused doors and windows to rattle. Hanging 
objects swung and the observer’s seat moved. 

B. J. Mankar^ Offg. Political Member . — The shock lasted 60 seconds and was 
of slight intensity. It made doors and windows rattle. 

Indore State. 

Wazlr-ud-Dowlah Rai Bahadur S. M. Bhapna, C.I.E., Prime Minister to H. H. 
the Maharaja, Holkar, has supplied the following reports from the various •parganas 
of the state. 

Manasa. 

One continuous shock for 120 seconds. There was a slight rattling of doors. 
A house in Alhed village was damaged. 

Ramjpum. 

(Several shocks of which the first was strong and the rest mild. Duration 180 
seconds. The shocks were felt by i)or8ons at rest, and the direction appeared to 
be oast- west. Doors rattled and a house was cracked. 

Bhanfura. 

Walls in the second storeys of some houses were cracked. 

Garot. 

Three shocks for 180 seconds. A sound like the rustling of leaves was heard 
l>efore the shock. Doors rattled. The direction of the shocks was N. E. — S. W. 

Bunel. 

Four shocks for about 120 seconds. Direction north-south. Doors rattled. 

Zirapur. 

One shook for ten seconds. Doors rattled. Direction of the shock north- 
south. 


Mehidpur. 

One shock for eight seconds felt by all except those who were walking. Loose 
objects rattled and seemed to move north-south. A few cracks in some houses 
were reported. 

Tarana. 

Two slight shocks lasting about 120 seconds and were felt on the second storey 
of houses. Loose objects rattled and seemed to move north-south. 
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Kannada 

One slight shock for four seconds. Doors and loose objects rattled. 


One slight shock. 


Khategaon. 


Kaiita-phor. 

One slight shock for four seconds. Direction of the shock east-west, 
and windows rattled. 


Doors 


Khilchipub State. 

Khihliipur . 

Indar Singh. — One big shock followed by two tremors. Duration 120-180 
seconds. The shock was felt by persons at rest. Doors nnd windows rattled 
and hanging objects swung. 

RAJ(iARtt State. 

Rajgarh. 

The Diwariy Rajgarh State. — One shock preceded bj^ a rolling sound and which 
continued until 30 seconds after the shock had ceased. The shock was sufficiently 
strong to awaken a boy who was asleep. Doors and windows rattled and hanging 
objects swung north-south. 


Narringhoarh State. 

Narswghgarh. 

The Divmn, Narsinghgarh State. — One slight shock lasting about 60 seconds. 
Bhopal State. 

Sehore. 

W. E. Essai, 0. I. P. R. — One shock for 30 seconds. The roof of the office 
rattled. 

Bhopal. 

Svperivtendent, Meteorological Station. — The observations were made at the 
Military (Mub bungalow on a hill-side at an elevation of 1,800 feet. One continu- 
ous vibration lasting 120 seconds vas felt. D<K)rs and windows rattled and hang- 
ing obji'cts swung. U'lu re were some plaster cracks on the walls of the bungalow. 
Th(‘ ornamental pillars on the roof vibrated rapidly and wireless poles swayed. 

R. H. Heapfi, Q. I. P. R. — Two or three shwhs for 180 seconds. At first 
his seat moved slightly, then the roof ert*aked and the verandah moved notice- 
ably and d(K)rB were shaking. Classes on a side table were shaking steadily. 
Ceiling fans and lights swung. The movement was very notic^eable on the first 
floor of the Imperial Bank (a two-storey building), fans and hanging lighte 
swung in a large circle and a lady felt sea-sick. 

Barkhera. 

W. Y. Zinckty Q. I. P. R. — One continuous shock for 180 seoopda. Boors 
and windows rattled and some hanging objects oscillated. 
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Kewa State. 

U maria. 

Meteorological Ohsen^er. — One oontinuous shock of moderate intensity for 300 
seconds. Doors and windows rattled, hanging objects swung and the observer’s 
seat moved. One wall of the local school building was cracked. 

A. R. Roy, Burhar Colliery (81° 36' : 23° 11'), Dhanpun. P. O.— Time, 1416- 
14-18 hours. One sh(X‘k which commenced gently, rose to a maximum after 60 
seconds and diminished in intensity aftcT 120 seconds. A noise as of an approach- 
ing train was heard just before the shock. A brick and cement retaining wall, 
about 16 feet high, was cracked from top to bottom. 

Central Provinces. 

NARSTNaHPUR DISTRICT. 

Nar.^iivgJtpur. 

Meteorological Observer. — Two shocks at intervals of five minutes. Chairs, 
tables and other objects were shaking. Some loose objects fell down. 

JUBBULPORE DISTRICT. 

Manrara. 

M. I. Anaari, Talisililar.^One shook. Doors and windows rattled, a piDilah 
swung east-west and his chair was shaken. 

Sthora. 

Tahsildar. — One shock was felt by persons at rest, doors rattled and hanging 
objects swung east-west. A yieeuliar sound hke that of an aerojilane was heard. 

Palan. 

Naib Talisildar. — Two shocks which were felt by persons at rest. Doors rattled 
and hanging objects swung north-south. The obw'rver’s seat moved and walls 
of buildings were cracked in many eases. 

Deori. 

Stafiort Master^ G. 1. P. R. — One moderate and continuous shock lasting 
180 seconds. It was preceded by a thundering noise aftcT which everything 
started to shake. Hanging objects swung N. tk— S. W., the observer’s si^at moved 
and loose objects were thrown t<wanls the north-east. A few cracks ap]K*are<l 
in the 3rd class waiting room. 

J ubbulpore. 

Svbdiviaional Officery Jubbvlpore. — The earthquake was felt in general, doors 
rattled, hanging objects swung and the observer’s seat moved. The District 
Court buildings were slightly cracked. 

8. M. A. BuUf Assistant Engineer ^ Headquarters subdivision. — One shock 
was felt by many people and caused doors and windows to rattle. Walls of some 
buildings were cracked. 

L. C. Kapoor t Assistant Engineer, Roads subdivision. — Three shocks preceded 
by a rumbling noise. 
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Qarriaon Engineer , — Two shocks felt by persons at rest. Hanging objects 
swung and the observer’s seat moved. 

Nimab district. 

Pi'plani, 

Q. Singh, Booking derk, 0, I, P, R , — Two mild shocks at 14*20 hours. 
Hanging objects swung ea^t-west and loose objects were thrown either east or 
west. 

Hoshangabad district. 

Pachmarhi. 

Meteorological Observer . — One shook for 120 seconds. A sound like that of a 
railway train approaching a station or of a motor car at speed was heard during 
tlie shock, which was felt by persons at rest. Doors rattled, hanging objects 
swung and the observer’s seat was shaken. 

Sohagjmr, 

Tnhsilelar.— One shock felt by persons at rest. Doors rattled, a punkah moved 
east-west but the observer’s seat moved north-south. Two stone pillars support- 
ing the roof of the verandah moved half an inch. 

Gadarwara, 

P, 0. Brdce, Deputy Commissioner . — ^Two shocks felt by persons at rest. The 
punkah moved north-south, trees moved as if there were a slight breeze although 
none was felt. A motor car facing south-east moved backwards and forwards. 

Gadarvada. 

District Co 7 nmercial Inspector, O. I. P. R . — Several shocks, caiisuig a sense 
of giddiness t<i some people who felt it difficult to stand. Doors, windows, i>ots, 
C. I. sheets on roof, etc., rattled. Some loose objects fell and the observer’s 
seat was shaken. 

Hoshangabad, 

S. Bha^guxit.- -Tyfo shocks, the second being stronger than the first, were felt 
by iiersons at rest. Doors rattled, hanging objects swung and the observer’s 
seat moved. 

According to Mr. P. C. Bruce, the Deputy Commissioner, Hoshangabad 
district, a crack in the Church wall widened and a door frame in the 1). (I’s bun- 
galow sank about an inch. 

Itarsi, 

B. F. Peters . — Several shocks lasting 180-240 seconds. Doors and windows 
rattled and the observer’s scat was slightly moved. 

V. Welsh . — Two shocks for 120 seconds, the first shook was strong and the 
second one weak. Doors rattled and hanging objects swung east-west. The 
shocks were felt by persons' at rest. 

R. A. AraXhoon. — Continuous, shocks lasting 120-420 seconds. At first a 
rocking motion and then a circular motion was felt. All the three wall clocks 
of the railway running room stopped. 
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Bhilakheri. 

Station maffter, 0. I. P. R. — One slight shock for i!40 seconds. Hanging 
objects swung. 

Khutwansa. 

SiationmaM-ery U. I. P. R,- Timo 14-12 — 14-15 houi-s. One simiit shock fur 
180 seconds, glasses of two lamps on the jdaiform were smashed. 

DJuiramkundi. 

S tationin aster y 0. 1. P. R.~ Several strong shocks in quhik Hucct-Hsicni lasting 
about 180 seconds. The block instruments were giving very alight strikes. 

Bartapura. 

StationmasteTy O. 1. P. R. — One continuous but slight shock for 180 seconds. 
Hanging objects swung north-south. 

Sconi Malwa. 

Stationmaster. — Two shocks separated by an interval of about one ininuU'*, 
the second shock was the stronger of the two. 

Pagdfial. 

StatummasteTy 0, /. P. R. — One shock for 180 si-conds between J4-15 and 
14-18 hours. 

Chhidgaon. 

Damodafy Booking clerk, G. I. P. R. — One shock at 14- 15 hours lasting 180 
seconds. A noise like tliat of a numing train or a motor lorry was hoard during 
the shock, which was felt by persons at rest. Some loose objects fell. 

Timurni. 

Assistant Stationniaster, 0. J, P. R . — ^Two light sliocks for tAvo seconds at 
14-20 hours. Doors and windows rattled a little. 

Charkhera. 

Staiionmaster, O. I. P. R . — One shock for 60 seconds. The observer's seat 
was shaken. 

Harda. 

Tahsildar. — Two shocks felt by persons at rest, doors and Avindows rattled 
and hanging objects swung. The observer’s seat moved. 

Staiionmaster, O. I. P, R. — One shock for five seconds. Doors and win- 
dows rattled. 

Palasner. 

Stationmastcr, 0, L P. R . — Two slight shocks at 14-17 liours. 

Bhiringi. 

Staiionmaster, O. /. P. R. — ^Two shocks at an interval of five minutes, each 
shock lasting for a second or two. 

Khirkiya» 

Staiionmaster, 0. I, P. P. — One slight shock for 150 seconds. Hanging 
pbjeots swung very slightly. 



840 


BIHAR-NEPAL EARTHQUAKE OF 1934 . 


Chhindwara district. 

Aymrwara. 

M. Hasan. — One whock preceded by a sound like that of a motor car. The 
Honnd lasted throughout the shock, which was felt by persons at rest and caused 
doors to rattle. 

Jvitnordeo. 

P. H. Kitchen, Ohoraioanj Colliery. — One shock felt by persons at rest. Doors 
rattled and two eracks app('ared in the walls of the Manager’s bungalow. 

Ohagri Bercui Colliery. — One shock lelt by persons at rest. 

Ikiehra. 

R. N. Khan, G. /. P. R. — One slight shock for 3(X> seconds. It moved the 
observer’s seat. 

Parasia. 

W. J. B. Reynolds, Chanda metla Bungalow. — One shock increasing in inten- 
sity and giving place to a vibration towards the end. A tilting sensation was 
lelt. Loose objects rattled and the bungalow was cracked. 

Chandamclla. 

I). W. Bell. — Four shocks causing roof and ceiling ot the bungalow to rattle. 
A punkah swung north-south and croc'kery and glasses vibrated. 

Barkvhi. 

S. Mazheruddin, East Barkuhi Colliery. — One shock. Doors and windows 
rattled, hanging objects swung east-west and the whole place rocked. 

Anoth(*r report from Barkuhi staU's that three days after the earthquake there 
were severe falls of roof in two of the coal mines. 

Chhindwara. 

No report is available from Chliindwara but Mr. A. E. Tumor, District Superin- 
tendent of Police, Chhindwara, reported that water in a hot sulphur spring at 
V. Anhoni, near Mahuljhir on the Hoshangabad border (23° 36' : 78° 36') became 
liotter than usual and bubbled vigorously with sulphur. The level of the water 
was about 18 inches higher than usual at the time of the earthquake and was six 
inches higher than normal after about ten minutes. It then settled down to its 
original level. 

Bansar. 

S. B. Shidhaya, Pleader . — One shock with a sound like that of a train pass- 
ing. Doors and windows rattled, hanging objects swung and the observer’s seat 
moved. 

Mandla district. 

Niwas. 

Naib TahsiMar. — One continuous shock preceded by a sound like that of a 
motor car, coming from the north. Tt was felt by persons at rest and caused 
doors and windows to rattle. 
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Mandla. 

Secretary^ Municipal Committee . — One strong shock for 120 seconds during 
which a sound like that of a motor car was heard. Doors rattled, hanging objects 
swung north-south, the observer’s seat moved and tiles t)n roof were thrown down. 
In some pucca buildings there were cracks up to |th-inch wide. 

Dindori. 

Naib Tahsildar . — Two shocks preceded by a sound like that of a motor lorry. 
Doors rattled and hanging objects swung. 

Bilaspur district. 

Katqhora. 

Tahsildar^ Katghoru . — IVo shocks preceded by a noise lik(‘ that of a heavy 
lorry. The replies to the questions are in conformity with isoseismal V. 

Munqeli. 

Jagat Ram . — One continuous shock with a sound like that of an appro.ieliing 
train. Most persons felt the shock, which caused doors and windows to rattle. 
Hanging objects swung oast-west. Hair cracks appeared in some walls including 
the strong room of the Treasury. vSome persons felt giddy. 

Bilaspur. 

Kishori Lai, Tahsildar . — The shock was not felt by j>ersons moving on cycles 
or carriages. A few pucca buildings were eraked slightly. 

L. F. 1). O'Dea, Radway Station Settlement . — Two shocks se})arntcd by an 
interval of 30 seconds. Persons aslee}) felt as if the bed wen' pushed from Ixdow. 
Houses swayed slightly m a north-south direction. A clock on the wosh^rn wall 
stopped, that on the northern wall did not stop. Hanging flower pots swayed 
violently north-south. Tiles of roof made a rubbing noise and doors, windows 
and bolts rattled. 

Janjqir. 

Tahsildar . — Two shocks in succession accompanied by sounds lik(* that of 
an aeroplane or motor car in motion. Persons resting felt the shocks, doors and 
windows rattled and the observer’s seat moved. 

Seoni district. 

Heoni. 

E. S. Hyde, Suhdivisiotial Officer . — Two shocks with a rumbling sound like 
that of a car or an aeroplane. Doors rattled and hanging objects swung oast- 
west. His seat was shaken. 


BALACmAT DISTRICT. 

Wara.scom. 

R. K. TiuHjri, Tahsildar . — One shock preceded by a noise like that of a oar 
approaching. Many people felt the shock and doors and windows rattled* 
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Nagpur district. 

Bamtek. 

Tahsildar. — One feeble shock. Doors and windows rattled, hanging objects 
swung both east-west and north-south. Some of the country tiles fell from the 
roof of houses and the shock was more felt in double storey buildings than else- 
where. No shock was reported from the hill areas of the tuhsil. 

Bhandara district. 

Tirora. 

lianfjc- Officer. — Two shocks separated by an interval of 120 seconds. Doors 
rattled, the observer’s seat shook and some tiles fell. 


Eastern States. 

Gangpur State. 

Sundargarh. 

II. D- Christian t 8uj>eriniendentt Oangpur State. — One continuous tremor for 
180 seconds. A dull roar as of a oar approaching and passing was heard. The 
shock was felt by persons at rest. A loose door rattled, water and ink quivered 
distinctly. Hanging objects swung oast-west but the observer’s seat did not 
move. Slight cracl^ appeared only in large buildings with terraced roofs. 

Bonai State. 

Bonaigarh. 

A. J. OllenbacJif Detuan, Bonai State . — ^He felt one continuous shock lasting 
about 180 seconds. During the shock a continuous rattling noise like that of 
a passing train was heard. The shock was strong enough to waken people from 
sleep ; doors and windows and loose articles rattled violently, and water in tuba 
spilled out. Hanging objects swung east-west. Two kutcha walls at Bank, 25 
miles north of the town, were reported to have been cracked. 

Bamra State. 

Deogarh. 

U. McPherson, Superintendent, Bamra Stale. — He felt one shock at 14*15 hours, 
lasting about 200 seconds. Immediately before the shock a rumbling sound re- 
sembling “ the approach of a motor car in a strong wind ” was heard. The shock 
was felt by persons at rest, doors and windows rattled, hanging objects swung 
slightly in a N. E. — S. W. direction and his seat vibrated slightly. 

Rairakhol State. 

RairakhoL 

P. DaUa, Medical Offiicer, — He felt two shocks lasting about one minute. The 
second shock was the stronger of the two. Doors and windows slightly rattled 
and the tiles of the sloping roof of his bungalow feU. The observer’s seat 
moved. 
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Taloher State. 

Talcher. 

Jf. B. MtarUy Private Secretary's Office^ Talcher Baj. — shock for 120 seconds. 
It was felt by persons at rest, doors and windows rattled, hanging objects swung 
N. E. — S. W. and walls of buildings were cracked. 

Pal-Lahara State. 

Pal-LaJiara. 

D, Tripathiy Foieat Ranger. — He was standing out of doors and recorded two 
f hocks at an inteival of a second or two. Before and during the shocks a rum- 
bhng noise, like that of a motor car in motion, was heard. The shoek was felt 
by jiersons at rest, doors and windows rattled and hanging objeets moved freely 
from N. E. — S. W. Walls of some buildings were cracked. 

Keonjhar State. 

Keonjhargarh. 

State Engineer. — One shock, lasting 120 seconds, was felt at 14*15 hours. A 
low rumbling noise, like that of a motor car in motion at a distance, was heard 
during the shock, which was felt by persons at rest. Doors and windows rattled 
and his scat was shaken. 

Saraikela State. 

Saraikela, 

Rajah's Personal Secretary. — Duration 270 seconds. The observer was stand- 
ing and heard a sound like that of a railway engine. Doors, windows and other 
loose objects rattled and hanging objects swrung north-south. 

KIearsawan State. 

Kharsawan. 

Rajanilcanta Sarangi. — Duration 360 seconds. Two shocks were felt and a 
rumbling noise, like that of a motor on starting, was heard before and during the 
shocks. Many persons felt the shocks, doore and windows rattled and the obser- 
ver’s seat moved. Loose objects fell both east and west. WaUs of buildings 
were slightly cracked and a new building at the palace was slightly cracked, 

Mayurbhanj State. 

Baripada, 

H. A. Quhhayy Retired Chief Engineer, P. W. D . — He felt two jerky shocks 
and some tremors lasting about 150 seconds. Doors and windows rattled and 
the terraced roof cracked and squeaked. Eleotrio ceiling lights and fans swung 
freely east- west. 

Gumrmhisani, 

Deputy SuperinienderU of Ore Mines and Quarries, Tata Iron and Steel Co,, 
Ltd. — ^The observer was at first indoors and then out of doors. Duration 180 seconds 
with a break of 20-30 seconds. Two shocks were felt of which the second was 
stronger than the first. A sound, as if a strong wind were blowing, was heard 

2 A 
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ioside the builuing ; outeide, a noise like that of a motor car running at a distance 
was heard. The first shock caused ink spots on the pa})er on which he was 
writing and then ho felt as if he wore shivering with an attack of slight ague. Out of 
doors the observer felt waves passing under his feet and felt slightly giddy. Floors 
of buildings and sides of adjoining drains were slightly cracked and old cracks 
widened. Windows, doors, mosquito poles of the bed, etc., rattled but no loose 
objects were thrown. Judging from moving tree tops the direction of movement 
was from south to north. Rattling of window panes gave nearly five ticks per 
second. Cracks in floors, although in all directions, were more pronounced on 
the southern and eastern sides of the building. 

Nilgirt State. 

Nilgiri, 

Dewan, Nilgiri State. — He felt one continuous shock for 240 soconds. The 
shock was felt by persons at rest. Doors and windows rattled, and hanging ob* 
jeotfl swung east-west. 

Orissa. 

Balasore district. 

Jaleswar. 

Syb-Inspector of PcliUt Jaleatvar. — One shock for 120 seconds. The observer’s 
seat was shaken. 

Remunn. 

8. Tripatty, Remuna Police Station. — One shock for 160 seconds. His chair 
moved and hanging objects swung north-south. 

Balasore. 

B. Sen Gupta, Civil Surgeon. — A continuous mild shock for 240 secsonds. It 
was preceded by a rumbling sound and was felt by persons at rest. Doors and 
windows rattled, hanging objects swung north-south and the obstrver’s seat 
moved. 

Office Superintendent, OoUectorate. — One shock for 240 seconds. At first the 
movement was north-south and then east-west, trees swayed east-west. Doors 
rattled and the observer’s scat moved. 

Sub-Inspector of Police. — One shock for 120 seconds. Trees swayed north- 
south and some bricks fell from a cracked building. 

Bengal. 

Midnapore district. 

Jhargram. 

K. Ahmed, Subdivisional Officer, Jhargram. — Two shocks felt by most i)eoi)le. 
Doors and windows rattled, hanging objects swung, loose objects were thrown 
down and some of the buildings were slightly cracked. 

Hijli. 

B. N. Bose, Circle OJfictr. — Three undulatoiy shocks. Doors rattled, hanging 
objects swung and a few walls wete cracked. 
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Mid'tia'pore. 

Cird>e Officer, Sadar. — Some j^ople at Midnajwrc felt three Bhocks for 30 seconds. 
Doors rattled and hanging objects swung. 

Pingla. 

S. K, Milter, Circle Ojfficer, Pingla . — One shock for 30 seconds. Doors and 
windows rattled and hanging objects swung. 

Tamluk. 

Subdivisional Offiicer, Tamluk. — Ho was at Mahisadal in Midnapore district 
and felt one continuous shock with an east-west movement at lirst and afterwards 
it changed its direction. Slight cracks appeared in buildings. 

A. N. Baud, Sub-Deputy Magistrate, Tamluk. — One continuous tremor felt 
by all. Doors rattled, hanging objects swung, loose objects fell and his seat moved 
up and down slightly. Trees swayed from side to side and some buildings wore 
slightly cracked. 

Danian. 

A. C. Mazumdar, Circle Officer. — ^Two shocks preceded by a ‘ mild groaning * 
sound. Doors and windows rattled, hanging objects swung, and the observer’s 
seat moved. 

Contai. 

S. B. Malakar. — One mild shook was felt. 

24-Paroanas. 

Bishnupur. 

S. K. Chatterjee, President, Union Board. — One continuous shock varying in 
intensity. Doors and windows rattled, hanging objects swimg oast-west, the 
observer’s seat moved and walls of buildings were slightly eracked. 

Dia'inond Harbour. 

R. K. Roy, S. D. 0., Diamond Harbour. — One continuous shock increasing 
in intensity and culminating in a severe shock lasting a few seconds. Most people 
felt the shock, hanging objects swung, doors and windows rattled and the wall 
of one building was slightly cracked. 

Bakarganj district. 

Patuakhali. 

B. Das Oupta. — ^Two shocks, for 180 seconds, Boparate<l by an interval of 15- 
20 seconds. The shocks were felt by persons at rest, hanging objects swung and 
the observer’s seat moved. 

Khepupara. 

Syed Abdul Alt, Sub-Depuiy Magistrate. — 3Vo shocks in quick succession. 
Doors and windows rattled slightly and hanging objects swung N. W. — S. E. 

Sadar Subdivision, South. 

Meteorological Observer. — Several shocks coming from a westerly direction. 
Doors rattled, hanging objects swung and the observer’s seat moved. 

2 A 2 
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Noakhali district. 

Tjakshmipur. 

S. A. Khan, Circle Offerer . — Three flhockR for 240 seconds. Doors rattled, hang- 
ing objects swung east-west and the observer’s seat moved. 

Noakhali. 

J. C. Majumdar, Meteorological Observer . — Four shocks each lasting 16 seconds, 
hanging objects swung north -south and the observer’s seat moved slightly, 

Hatia. 

Officer in Charge, Police Station . — ^Three shocks felt by persons at rest. Dura- 
tion 180 seconds. Doors and windows rattled, hanging objects swung and the 
observer’s seat moved. 

General (Noakhali District ). — Reports from other parts of Noakhali district 
show that, in general, two to three shocks of slight intensity were felt by persons 
at rest. Hanging objects swung north-south generally. Doors and windows 
rattled and no damage was caused^ 

Dacca district. 

Narayanganj, 

Rashid Khan . — Four shocks felt by persons at rest. Doors and windows rattled 
and hanging objects swung. 

Tippera district. 

Comilla. 

P. N. Mukerjee, Subdivisional Offilcer, 8adar . — Throe moderate shocks for 165 
seconds felt by persons at rest. Hanging objects swung W. N. W. — E. S. E. 
The waves "were rather long. 

Assam. 

Goalpaea district. 

General . — Reports from villages in Goalpara district show that the maxi- 
mum duration of the shock was 180 seconds. Most people recorded one shock, 
which was strong enough to be felt by persons at rest, to make hanging objects 
s^ving and to cause doors and windows to rattle. In one or two instances a sound 
like that of a motor car in motion was heard before the shock. 

Gosliaingaon. 

T. Borah, Sub In&pector of Police . — Duration 180 seconds. The shock was 
felt by persons at rent, it caused doors and ■windows to rattle and hanging objects 
to, oscillate. 

Kokrajhar. 

M. Y. AH, Sub Inspector of Police . — He felt one shock and heard some sound. 
Hanging objects swung and his seat was moved. 

North Salfnara. 

Officer in Charge, Police Siatidn . — One shock for 30 seconds which rattled doors 
and windows, swung hanging objects and moved the observer’s seat. 
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South Salmara. 

Sub-Inspector of Police , — Three shocks lasting 150 seconds. Hanging objects 
swung and the observer’s seat was moved. 

Manhwhar. 

P. C. Bhotvmik . — Duration 180 seconds. One continuous shook which began 
with a slight shaking and gradually became stronger, when he had to sit down. 
Hanging objects swung slightly and his seat was shaken. 

Kamrup district. 

Gauhati. 

A. K. Bhuyariy Meteorological Observatory . — One continuous shock of moderate 
intensity lasting about 225 seconds was felt at 14.19 (I. S. T.). The replies to the 
(piestions are in conformity with isoseismnl V. 

U. M. Pricliardy Deputy Commissioner y Kamrup district . — He was standing on 
a village path talking when the earthquake began. He walked some 200 yards 
d(jwn the path and then watched a shallow pool in which water oscillated first 
north-south and then east-west. The shock was continuous but not violent and 
could not hav(i lasted more than six minutes. It was felt by persons at rest and 
made doors, windows and loose objects rattle and hanging objects swing. 

Nowgong district. 

CeueraL -One shock the maximum duration of wliioh was felt in Nowgong 
district up to ISO seconds and in some cases as low as 50 seconds. The shock was 
strong enough to be felt by |Ku-8ons at rest and to make doors, Avindows or loose 
obj{‘cts rattle, to swing hanging objec’ts and to move observers’ seats. One person 
lelt th(‘ movement in a N. W.- S. K. direction and another observer felt an 
(*ju<t-west movement. 

Moivgong. 

H. Pah man.- Duration 120 seconds. He was lying on bed and felt one con- 
tinuous shock which caused doors ami windows to rattle. Hanging objects swung 
( asl west. Uis b(‘d was moved. 


Salona. 

P. N. Chahravartyy Saluna Observatory, - Duration 180 seconds. (Jontinuous, 
slow but severe vibrations wliich were felt by persons at rest. Doorp, windows 
and loose objects rattled and floors croaked. Hanging objects swung and loose 
objects were thrown down. 

SlBSAGAR DISTRICT, 

Titabar, 

D. S. Ilamilion Hunt . — Duration 240 seconds. The quake resembled a long 
succession of waves gradually increasing imtil midway of the duration when a 
decided bump was felt and after which the waves gradually decreased. Doors and 
windows rattled. Hanging flower pots, fans and lights began to swing definitely 
east-west. Photos were thrown down and the observer’s seat moved from side 
to side. Some walls in the bungalow and factory buildings were slightly oraoked. 
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LaKHIMPUR DIBTRIC5T. 

North Lakhimpur, 

Subdiviaional Officer, N. Lakhimpur, — Duration 180-240 seoonda. One con- 
tinuoufi but slight vibration of varying intensity felt by persons at rest. Doors 
and windows rattled, hanging objects swung and some loose objects fell. Slight 
plaster cracks in high buildings. 

Dihrugurh, 

S. N. Sen. — Two shocks were felt by persons at rest and which caused hanging 
objects to swing. The observer’s seat was moved. 

Garo Hills. 

Tura. 

W. Shaw, Deputy Commissioner, Oaro HiUs. — He felt one continuous 
shock of varying intensity for 150 seconds. A rumbling noise accompanied the 
shock. Doors and windows rattled, hanging objects swung and walls of some 
buildings were cracked. 


Khasi Hills. 

Shillong, 

K, Cantlie, Deputy Commissioner, Khasi and Jaintia Hills. — A mild shock was 
felt for 30 seconds, but slight tremors continued for a longer period. 

E. A. Elkington, Meteorological Observer. — 14.15 (1. S. T.). A series of tremors 
decreasing and increasing in intensity and lasting about 200 seconds. Doors and 
windows slightly rattled and telegraph wires swayed. 

Cherrapunji, 

A, C, Bhattacharji, Meteorological Observer — 14.10 (I. S. T.). Three shocks 
lasting ten seconds were felt. 


Sylhet district. 

Svnamganj. 

L. M. Shome, Suhdivisional Officer, Sunamyarij.— He was sitting in court and 
felt one shock lasting 190 seconds. Doors, windows and loose objects rattled and 
hanging object^^ swung east-west. f^t>me loose objects were thrown down. 

SylheJ, 

C. S. Cunning, Deputy Commissioner, Sylhet district. prolonged quivering 
Bhock lasted about 120 seconds. Loose objects rattled and hanging objects swung 
in an east-'west diicction. The shock moved the observer’s seat and was felt by 
persons at rest. 

Habiganj, 

D. Surma, Suhdir isicual Offictr, Habiganj. — He felt a continuous, Ofccillatciy 
shock for about 120 seconds. • It was stiong enough to make dcois and windows 
latilc ord vas felt ly jcitcrs at icst. The shock moved the observer’s seat and 
caused hanging objects to swing. 
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Karimganj, 

Omwamif Svhidviaional Officer^ Karimganj . — He was Btanding out of doors 
and felt two major shocks, which were preceded by a series of shght tremors. 
The shocks caused doors and windows to rattle and hanging objects to swing west- 
east. 

Badarjpur Ghat. 

P. Evans, Badarpur Qliat (24^^ 62' : 92° 36'). — One continuous slight trembling, 
varying in frequency and lasting 60 seconds. The shock was felt by some (but 
not all) persons at rest and was strong enough to cause hanging lamps and punkahs 
swing. The direction of movement appeared to be N. W. — 8. E. 

Kulaura. 

K. W. P. Marar, ISubdivisional OJftcer, South Sylhet . — He felt the shock for 30 
seconds at Kulaura, while lying on abed. The shock caused doors and windows 
to rattle and hanging objects to swing. 

Cachar district. 

Silchar. 

(Japt. li. A. Bay thorn Ihwaite, Civil Surgeon . — He felt a continuous 
sliock lasting about 176 seconds. Hanging objects swung freely. Trees and 
buildings rocked visibly in an oast- west direction. 

Maulvi Ayub B. Majmaciar, Extra Assistant Commissioner . — A mild shock was 
felt for 180 seconds. Doors and windows rattled and hanging objects swung. 

ISasimpuT. 

G. F. Wilson . — A senes ot tremors lasting from 90-120 seconds and causing 
hangmg lamps and fans to swing. The direction of movement was between 
H. K. W.— S. 8. E. to N. W.— S. E. 


Bhutan. 

Ilaja 8. T. Dorji, Agent to the Maharajah of Bhutan, writing ol the shock at 
Bhutan, stak’d that only one shock was felt at about 2.31 p. m. The shock lasted 
about 180 seconds and was felt by persons at rest. Doors and windows rattled, 
hanging objetjts swung but no damage appeared to have been caustjd. 

Tibet. 

Gyantbe. 

Capt. P. C. Uailey, British Trade Agent, Gyanlse, Tibet . — He was sitting indoors 
and felt only one shock for 20 seconds at about 2.36 p. m. A strong dust stoim 
was going on at that time and no unusual sound was heard. The shock could be 
felt by persons at rest, doors, windows and loose objects rattled slightly and a 
few panes of glass wore broken. Hanging objects swung shghtly but the shock 
was not seveie enough to throw down loose objects. One or two slight cracks, 
mostly in mud plaster, were noticed. 

Capt. Hailey also reported that a shock of slightly stronger intensity was felt 
at Shigaise at about the same time. 



CHAPTER XXVIl. 


ISOSEISMAL IV. 

It has been found possible to draw an isoseismal within which the intensity 
reached IV on the Meroalli scale, and to distinguish an outer area of lower intensity, 
HI and 11. Naturally, along the border of these zones there are many irregulari- 
ties, for which due allowance must be made. 

As within isoseismal IV at the mouth of the Mahanadi, there is also, within 
isoseismal II-III, an area of increased intensity IV at the mouths of the Godavari 
and Kistna rivers. 


Kashmir. 

Srinofjar. 

Meteorological Observer, QovemmeiU of Jammu and Kashmir. — One moderate 
shook for two seconds, 14.20 (I. S. T. — Madras time). Persons at rest felt the 
shook. The shock was strong enough to rattle doors and windows, to make hang- 
ing objects swing and to shake the observer’s seat. 


Punjab. 

HoSHIAKPUK DlSTRKrj’. 

Iloshiarpur. 

Khan Bahadur S. B. Hussain, Deputy Commissioner. — One mild shock causing 
doors and windows to rattle slightly. 

Kapurthala State. 

Kapurlhala. 

Diwan Sir Abdul Hamid, Chief Minister. —Two shocks for two sccondH, felt by 
persons at rest. Doors and windows rattled slightly. Hanging objects swung 
east-west. The observer’s seat moved. 

JULLTJNDUR DISTRICT. 

Jullundur. 

• J. A. Ferguson, O.B.E., Commissioner, JuUundur Division. - -Two shocks, 
each consisting of a number of vibrations. Total duration of shocks less than 30 
seconds. The observer’s revolving chair rocked from west to east. S(»me wood* 
work in the room began to make a ticking noise at intervals of half a second. The 
shock was not felt by all. , Electric light swung slightly anti-clockwise, fan shaft 
rocked north-south. 

TahsUdar. — Three shocks for SO seconds separated by an interval of txm seconds 
each. The observer felt them whilst sitting on a chair. 

( 350 ) 
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Nabha State. 

Nahha. 

Bai Bahadur Diwan Oyan Nath, OJ,E . — ^Two shocks for a few seconds. Persons 
at rest felt the shocks, which caused doors and windows to rattle. Hanging 
objects swung and some buildings were slightly cracked. 

Patiala State. 

Patiala. 

NazinHy Bamata . — Two or three shocks. Felt by all who were sitting on chaii-s 
in the compound of Sardar Bachhtar Singh Sahib’s house at Patiala. 

New Patiala. 

Nazim, Patiala . — Two or three slight shocks, doors and windows rattled, bang- 
ing objects swung and the observer’s seat moved. 

Bhawanigarh . 

Tahsildar. — 15-20 shocks were felt in the upper storey of bis liouse. floors 
and windows rattled and his seat moved a little. 

Kanda Ghat. 

TahaUdar . — 'Two or three very slight shocks. 

IllSSAR DTvSTRIt’T. 

Hissar. 

Superintefide7it, UoveniinciU Cattle Farm . — Three shocks at short intc^rvals of 
about a second between the first and the second and about 60 seconds between 
the second and the third. Doors and windows rattled. 

iSiMLA msTRicr. 

Simla. 

Dr. D. F. Michael, Arclulale, Simla . — One continuous shock for 40-50 seconds. 
Sliding glazed windows shook and rattled. Ceiling lights swayed and the chair 
on which the observer was seated trembled slightly. 

E. A. a. Eustace . — Two shocks for ten seconds, felt by persons at rest. Doors 
and windows rattled, hanging objects swung and the observer’s seat moved. 

Subathu. 

Mrs. A. U. Watson.- -One (ontinuous tremor. The observer, who was resting, 
awake in bed, felt as if some one were under the bed and shaking it up and down 
steadily for 30 seconds. Doors and windows rattled and the floor creaked. 

Ambala DISTKICT. 

Amhala. 

Faiz Ali KJtan, Tahsildar . — 'IVo shocks at an interval of half a second. Doors 
and windows slightly rattled. 
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Ambala Cantonment. 

W. D. McDonald, E.A.C. — One very slight shook. The dais on which his ohaii 
rested shook a little. 

B. DeoH Nandan. — Two slight shocks for three seconds and separated by an 
interval of one second. Chair and table moved slightly. 

Naraingarh. 

Dalmir Singh. — Three shocks at intervals of two seconds. Total duration 
five seconds. Doors and windows rattled and the observer’s seat moved. 

Jagadhri. 

B. Ahmad, Suh- Judge . — Two shocks for ten seconds having an interval of two 
seconds. Hanging objects swung north-south. His seat moved a httle. 

L. J. Prasad Qarga, Pleader . — One moderate shock for five seconds. Hanging 
objects swung and his seat moved. 

JiND State. 

Jind. 

Ilari Doss, Medical Officer. — Three shocks for 180 seconds, felt by persona at 
rest. Hanging objects swung east- west and the observer’s seat moved. 

Sangrur. 

Banjii Singh, Svb-Assistanf Surgeon. — Two shocks for sixty seconds, felt by 
persons at rest. The observer’s seat moved and some loose objects were thrown 
down. 

Safidon. 

Si3 Ram. — Three shocks felt by persons at rest. Doors and windows rattled 
and hanging objects swung N. W. — S. E. 

Charkhi Dadn. 

Bhopal Dev, Suh- Assistant Surgeon One shock strong enough for GO seconds. 
Total duration of the shock was 126 seconds. Persons at rest felt the shock, doo]*H 
and windows rattled and hanging objects swung north-south. The observer’s 
seat moved and loose objects were thrown to the south. Walls of some buildings 
were cracked. 


Rajputana. 

Btkankk State. 

Bihamif. 

S. Vias. — Two mild shocks for 90 seconds, with an interval of 60 seconds. Un- 
usual cracking sound was heard during the shocks. The observer’s chair received 
slight jerks. 

Jodhpur State. 

Didimna. 

The Hakim, Didumna. — ^Tv^o almost continuous shocks for 80 seconds. They 
wore felt by persons at rest, doors and windows rattled and the observer’s seat 
moved slightly. 
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Nagaur. 

The Hakinif Nagaur. — Two or three shocks for 90 seconds. Persons nt rest 
felt the shocks, hanging objects swung north-south and the observer’s seat mL»ved. 

Parbatsar, 

The Hakim, Parbatsar, — One shock for 60 seconds. Windows rattled. 

Merta. 

The Hakim, Merta, — One shock for 60 seconds. The observer’s seat moved 
slightly. 

J odhpur. 

J. S, Oaur, Meteorological Observer, Jodhpur. — Three major shocks followed by 
minor ones, all lasting 25-30 seconds. Pereons at rest felt the shocks, doors rattled, 
hanging objects swung and the observer’s seat moved. 

BUara. 

The Hakim, Bilara. — One shock for 30 seconds felt by many persons. Doors 
and windows rattled, and hanging objects swung east-west. 

Jaitaran. 

The Hakim, Jaitaran,— Three shocks for 120 seconds, separated by two intervals. 
Doors rattled and hanging objects swung east-west. 

Sojat (isoseismal 111 ^). 

The Hakim, Sqjat. — One slight shock for ten seconds. 

Pali. 

The Hakim, Pali. — Four shocks for 32 seconds. Persons nt rest felt the shocks, 
doors rattled, hanging objects swung north-south and the ohseiver’s seat moved 
slightly. 

Jalor. 

The Hakim, Jalor. — One shock for 60 seconds. A sound as of a running motor 
car was heard before and during the shock. Home persons felt the shock and 
hanging objects .swung. 

Desyri. 

The Hakim, Desvri.—Ono shock for 25 seconds, a sound resembling that of the 
tiring of a gun was heard after the shock. Windows and doors lattled. 

Bali (isoseismal III ?), 

The Headmaster, D. V. M. School. — One shock for ten seconds. A buzzing 
sound as of a motor ear was heard before the shock, which was felt by persons at 
rest. 

Jaswantpura (isoseismal 77 / ?). 

The Hakim, Jasuantpura.—Ver^one at rest felt a slight shock accompanied by 
a slight rumbling. 
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Mewae State. 

Udaijmr, 

Mitsahib Ali . — slight shook lasting for about 30 seconds. Walls of a few 
kiUcha hute in Shakargar, Jahazpur district, were cracked. 

Partabgarh State. 

Partabgarh. 

A. Aziz . — One continuous shock for about 120 seconds. Loose doors rattled. 
The intensity of the shock was slight. 


Central India. 

Mr. K. S. Fitze, C.T.E., Political Agent in the Southern States of Central India 
and Malwa, has kindly supplied the following reports from the different States : — 

PiFLODA State. 

Pij)loda. 

One shock for 120 seconds felt by persons at rest. Boors and windows rattled, 
hanging objects swung east-west. Loose objects fell and the walls of the old palate 
were cracked. 


Jaora State. 

Jaora. 

One shock, very slight at the beginning but increasing in intensity towards 
the end. Buration 120 seconds. Boors and windows in the second floor of two- 
storey buildings rattled. A slight rolling motion was felt. 

Sailana State. 

Sailana. 

Thi'ee shocks in all for 159 seconds. The second shock was quite distinct and 
the third mild. A ijendulum-like movement was felt. Boors, windows and corru- 
gated iron roofs rattled. Some persons were roused from sleep. Hanging objects 
swung and some loose objects fell. 

liatlarn Darhar. 

'J’wo or three mild shocks making loose doors rattle and hanging objects swing. 

Jhabua State. 

Jhabua, 

Two shocks for four seconds. The quake was felt by persons in the upper storey 
of a house. Boors and loose objects rattled slightly. Hanging objects swung north, 
south. 

Dhar Darhar (isoseismal III ?). 

A slight and insigniffcant shock was felt at Bhar and Bhorampuri at about 
2. lb p. m. and 2.30 p. m. respectively. 
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A LI Rajpur State. 

AN Rajpvr. 

Ono Rliock for 4-5 Peconds. Sf)Tiof' j>crRonR heard a nnimd like lhal ef a j^asBing 
motor lorry. Doorn, windowB, corrugated iron roofing rattled. Looec ohj(’ciH fell 
from pholveB. 

Rarwami Static. 

Barwani. 

Oj»c phock for 10-15 Hcconds. The shock wjis ohKcrvM'd by i)erHoiis av\akc, 
thoHc aslecj) did lujt feel the shock. Some loose objects ratt((‘d. 

Indore State. 

The following leports from various parganan of Indore State are kindly supplied 
by Wazir-ud-Dowlah and Rai Bahadur S. M. Bhajma, CU.K,, J*rime Minister to 
H. 11. the Maharaja Holkor : — 

Petlawad. 

One slight shock for 120 seconds. It was accompanied by a noise. Loose 
objects rattled. 

Depaljmr, 

One shock only felt by persons at rest, especially those sitting in the second 
storey of houses. Duration, five seconds. Loose objects rattled and hanging 
objects swung north-south. 

Sawer. 

One shock for seven seconds. 

Indore. 

One shock for 90 seconds felt by persons at rest. 

The Meteorological Observer of Indore reports two shocks for 90 seconds with 
an interval of 30 seconds. The shocks were felt by persons at rest, especially by 
those in tlie second storey of houses. Doors and windows rattled and lianging 
objects swung. 

Mhow. 

One slight shock for two seconds. Loose obje'ctB rattled. 'The shenk was felt 
by j)erRon8 in the second storey of houses. 

Nisarpur. 

One slight shock for four seconds felt by persons at rest. Doors rattled. 

Maheswar. 

One slight shock for 30 seconds felt by persons at rest. Doors rattled, 

Kasrawad. 

One slight shock for ten seconds. A low thundering noise w as heard as if com- 
ing from a distance. The shock was felt by peisons in the second storey of houses. 

Barwaha. 

One slight shock for two seconds. It waa felt by persons at rest. Doors rattled. 
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Bhilcangaon. 

Slight Hhocks of a second’s duration were felt in seven villages of this pargana. 

Khargon, 

Two slight shocks for two seconds. Doors and windows rattled. The direc- 
tion of the shock was north-south. 

Hyderabad State (Deccan). 

Adilabad district. 

Ono slight shock was felt at Rajura for 60 seconds, at Sirpur for thrt'O or four 
seconds and at Asifabad for .30 seconds. Buildings vibrated in these places. 

The First Taluqdar, Asifabad, was working in his office and felt his chair and 
table shaking at about 2.15 p. ra. On enquiry he found that several people in the 
vicinity felt the shock, the motor ear in the garage and the cots in the houses were 
also seen shaking and one man fell down. The earthquake lasted about 30 seconds. 

Mr. Reporter, Customs Superintendent, Warangal, was at the P. W. D. Inspec- 
tion Bungalow, opposite the Asifabad Railway station, and he felt a slight shock 
for 30 seconds about 2.26 p. m. The shock was also felt and noticed by his staff 
and the Railway Stationmaster. 

Bhir district. 

Four shocks were felt at Bhir for 60 seconds. The first and the third were sovero 
and the others of slight intensity. 

The First Taluqdar, Bhir, felt a slight shock. 

Nizamabad district. 

One shock was felt at Armur for one second and at Bodhan for two to thi'oo 
seconds. Some hanging objects swung. 

Karmnagar district. 

At Manthani village in Mahadeopur taluq three shocks were felt for 16-20 
seconds. Hanging objects swimg to and fro. 

At Kishenraopot in Sultanabad one shock was felt for four seconds. Water 
111 wells shook and made some noise. 

At Karimnagar an extraordinary shock was reported to have been felt for about 
120 seconds. People were terror stricken on this account. 

Berar (C. P.). 

Amraoti district. 

Chikalda. 

J. (J. Ikshmukh. — One shock lelt by persons at rest. Doois, windows and loof^ 
objects rattled. 

Ellichpur. 

N. L. De.spande . — Ono shock was felt which caused many people to feel giddy- 
Doors and windows rattled, hanging objects swung north-south and the observerg 
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Beat moved in the same direction. Loohc objects fell in some places. l‘ooi)lo in 
the upper storey of a house felt the shock more than others. 

Statiorimasterf 0. I. P. R . — One shock for five seconds. 

ChatttaJe. 

Station mastery G. /. P. R . — Four or five shocks for 120 setonds. Hanging 
objects swung east- west. 

Lehegaon, 

D. Ranade. — Tw'o shocks causing loose objects and tiles of roof to lattlc. Hang- 
ing objects swung north-south. 


Daryapur, 

J. Riheyro . — One continuous shock for 60 seconds. Doors rattled, hanging 
objects swung north-south. Observer’s seat moved north-south. Some buddings 
were slightly cracked. 

Amraoli. 

G. L. M. McGlenaghan . — One shock for 120 seconds felt by i)er8on8 at rest. 
Doors and windows rattled. 


Kurha, 

T. Chandar . — One shock. Windows and chaii*s rattled. Tea cups and saucers 
on racks jingled. 

Nmiigmm Kazi. 

K. M. PatuJe . — A light shock was felt. Sonic earthen pols fell and tin sheets 
from the roof came down. 

General {Amraoii district ).- — KepoHs from other Uiluqs and inhsils in Amraoti 
district show that one to three light shocks were felt, mostly by p<‘rsoiis at rest. 
I3oth north-south and east-west movements were rc'coidcd. IVlajonty aie in favour 
ot a north-south movement. Doors and loose objects rattled and in some cases 
observers’ seats verc shaken. In Dhanor taluq tiles from roofs of some houses 
feU. 

Buluana district. 

Jalgaon. 

R. D. Joshij Naib Tahsildar . — One shock was felt. Hanging objects swung. 

Malkapur. 

R. B. Desparide . — One continuous shock felt by persons sleeping on the aecoud 
storey of houses. Doors and windows rattled and hanging objects sw'ung cast- 
west. 

K. G. Maltajari . — Four or five shocks. Articles on a stool apjiCHrcd to move in 
a north- south direction. 

Nandura, 

Stationmastery G. I. P. R . — Six shocks for 60 seconds, felt by persons at rest. 
Hanging objects swung east- west. 
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Akola district. 

AhoL 

Tahsildar.- Three shocks for three seconds. J^ersons at rest felt the shocks. 
Hanging objects swung north-south. 

Balajyur, 

Tahsildar, — Two shocks felt >>y persons at rest. Hanging objects swung north- 
south. 

Akola, 

District J vdge.—Thnie shocks f<>r 30 seconds. The shutters of a wall-almirah 
rattled. Pnnlcnh first swung north-south and Ihon east-west. Tlie observer’s 
seat moved. 

TahsUdar. —Tyf/n shocks for two seconds felt by persons at rest. Hanging 
objects Bwimg north-south. Loose objects wore thrown either north or south. 

Inspector of Works, O, I. P. R . — One big shook for 16 seconds. 

Murtazpur, 

Tahsildar. — One shook felt by persons at rest. 

Basim (isoseismal III ?), 

Tahsildar. — Only a shght shaking for two seconds. Doors on the second floor 
of his house and loose articles on a rack rattled. 

Yeotmal district. 

Ilajur (isoseismal III ?), 

Staiionmaster, 0, I, P, iZ.— One shook for two seconds. 

Pandharkawada (isoseismal III ?), 

Tahsildar, Kolapur. — One tremor for two seconds. 

Pusad (isoseismal III ?). 

Tahsildar, — One slight shock felt by some people. 

Kalamb, 

Assistant Medical Officer. — One continuous trembling during which a sound as 
of a passing heavy goods train was hoard. The shock was felt by persons at rest 
and doors and windows rattled. 

Wun. 

Tahsildar. — Several shocks were felt. In a few cases loose objects rattled. 
Hanging objects swung east- west and north-south. The observer’s seat moved 
perceptibly. 

Ami. 

T. R. Despande, — One slight shock. 

Central Provinces. 

Nimar district. 

Bir. 

Assiskmt SkUkmmaster, 0. /. P, R , — ^Awakened from sleep. 
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Amir Ali. — One mild shock for ton seconds. Doors and windows rattled, 
hanging objects swung north-south and his chair was shaken. 

Khandiva. 

K, B. L. Seth, Deputy Commissioner, Nimar district. — The shock was not of 
much intensity. 

Chulkhan. 

Booking Clerk, Q. I. P. It. — l\vo mild shocks lasting 60 seconds. 

BurhanjytfT. 

O. H. Dhara, Signaller, O. I. P. B . — Three slight shocks lasting 60 seconds. 
The platform lamps swung to and fro in a noith-south direction. - The bench on 
which he was sitting moved thrice. 

Betul district. 

Barbatpur. 

M. Venkatakrishna, Stationmasier, Q. I. P. R. — One trembling felt for four 
seconds. It was at'companied by a rumbling as of an aeroplane flying at a low 
height. 

Betul. 

D. J. N. Lee, Deputy Commissioner, Betul district. — The shock was felt almost 
by all throughout Betul district but it was not strong. Small loose objects were 
thrown down and do(jrs and windows rattled. At Betul three shocks at intervals 
of a minute or two were felt. The loof of the D. C.’s bungalow and a glass pane 
rattled. His scat was shaken. 

F. 0. Mathews, Assistant Commissioner, Betul district. — Two shocks separated 
by an interval of five to seven seconds. Doors rattled and a peculiar vibration of 
the roof of his bungalow took place, at first causing a noise like that produced by 
a passing lorry. A fev^ seconds after the noise was repeated with much greater 
intensity and a distinct trembling of the floor occurred. 

Suh- Divisional Officer, Betul. — 1'hree separate shocks separated by an interval 
of 2-3 minutes. The second was tlu" strongest of the three shocks and it shook his 
chair, table and motor car. Pictures w^ere tilted. 

Stationmaster, O. I. P. One shock for 60 seconds. Sounds as of a motor 
oar were heard during the shock. Doom, windows and loose objects rattled. 

Jambara. 

Stationmaster, O. I. P. R . — One shock for three seconds. 

Dharakhoh. 

Stationmaster, G. I. P. R. -One shght shock fiir two soconds. Wimlows rattled. 

Amla. 

C. Fox, Loco Foreman, G. I. P. R . — One shock for four or five seconds. Hang- 
ing flower pots swung east- west. 

Stationmaster, G. I. P. R. — One shock for 120-300 seconds. It was felt by 
persons at rest, doors and windows rattled, hanging objects swung east-west. The 
tremor was slight and could not bo felt by persons moving about, 

2 B 
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Chhindwara district. 

Pmtdhurna. 

tikUionmaster, G. 1. P. R. — One mild shock fqr two seconds. 

Ward HA district. 

Pulgaon. 

Statummoitcr, 0. I. P. R, — ^Ono shock felt by persons at rest, lasting 60 secondb. 
Doors and windows rattled and hanging objects swung. 

Wardha. 

K» A. Svbramaniet Extra AsaiatarU Commiaaioner. — One mild shock was felt, 
N AC PUR DISTRICT. 

Narkher. 

SkUionmasterf O. 1. P, R. — One shock for two seconds. The office counter 
shook east- west. 

Sooner. 

Naib Tahaildar. — One shock felt by many persons. Doors and windows rattled, 
hanging objects swung east-west and the observer’s seat moved. 

Katol. 

Tahaildar* — One. shook felt by persons at rest. 

Nagpur. 

Divisional Engineer, 0. L P. R . — A continuous tremor lasting ten seconds. 
The observer, who was standing on the verandah of his bungalow, felt as if ho 
were on board a ship with a sloping deck. 

0. Peraad, D. S. Office, O. I. P. R . — He was on the first floor of the office and 
felt two distinct shocks for 210 seconds. A sound as of a motor car ready to start 
or an aeroplane fl 3 dng overhead was heard. The doors and windows of the office 
rattled. Oeiling lights and fans swung in a circular fashion. 

Buli Bori. 

B, Kakde, O. I. P. R . — One continuous but moderate shook for 60 seconds. 
The station bell swung north-south. 

Bhiwapur. 

Tahaildar . — One shook felt by persons at rest. 

Kuhi. 

A. Habib. — One shook felt by persons at rest. Hanging objeots swung and the 
observer’s seat moved slightly. 

BhANDARA DISTRICT. 

Bhandara. 

District Superintendent of Police, Bhandara . — One shook for 60 seoonds. Doors 
and windows rattled very slightly. Hanging objects swung east-west. Loose 
objeots were thrown down eastwards. 

K. N. De, Tahaildar. — One shock for five seoonds felt by persons at rest. Doors 
rattled and hanging objeots slightly swung east-west. 
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Gondia. 

M. L. Kapoor t Tahsildur. — One continuona ahoek for 120- ISO aceonds. 8omo 
persons asleep felt the shock. Tables, <<riiairs, doors and windows rattled and 
punkahs swung north-south. 

Paoni, 

H. P, Varmay Range Officer. — Throe shocks, of which the last was the strongest. 
Persons asleep felt the shocks. Doors and windows rattled. 

CltANDA DISTRICT. 

Warora. 

TalisiUiar. — One shock felt by many persons. Hanging objects swung in places 
for two or throe seconds. 

Stationmaster^ O. /. P. R. — One continuous but shght shock for 30 seconds^ 
Wagons and doors rattled and the observer’s seat was slightly shaken. 

Majri. 

Stationmaster, Q. I. P. R. — Five weak shocks for 180 seconds. Hanging lamp 
in a waiting room swung to and fro. 

Balhmshah. 

SUitionmaster, O. L P. R.— Onc shook for 00 seconds. Doors and windows 
rattled and hanging objects swung N.E. — S.W. 

Another report from a railway employee at Balharshah states that the shock 
lasted about 300 seconds. Doors and windows rattled and hanging objects swung 
N.E. — S.W. The observer’s seat moved and some objects foU in a N.E. — S.W. 
direction. 

S. DougrCf Loco Clerk. — One shock for 180 seconds felt by many persons. Hang- 
ing objects swung N.W. — S.E. and some loose objects fell south-east. 

Bramhapuri. 

TahsUdar, — One shght shock for a second or two. 

Garchiroli. 

Tahsildar. — All over Garohiroh circle the earthquake was felt for about 120 
seconds. At some places four or five shocks were felt by some people but not by 
all. People sound asleep did not feel them. A few hanging objects swimg slightly. 

Sironcha, 

Tahsildar » — One slight shock for a second or two. Hanging objects swung a 
little. 

Balaghat district. 

Baihar, 

S. O. Kamaisdar, Naib Tahsildar. — ^Ten to twelve continuous shocks accom- 
panied by an unusual sound as of a motor passing by. Hanging objects swung 
north-south. 

Balaghat. 

A. Shrinivasaniy AsaisiarU Medical Offiker . — One shock for live seconds, felt by 
persons at rest. The observer’s seat moved slightly. 


2 B 2 
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Drug district. 


Bem^tara, 

jiS. G. BadhtU. — Ono shock accompanied by a sound like that of a motor car at 
a distance. Do<ir8 and windows rattled. Hanging objects swung cast-west and 
the observer’s seat moved. 

Drug. 

B. A. Bambatvale, Deputy Commissioner, Drug diet. — Three distinct tremors. 
Doors and windows rattled. 

B. R. Thanjee, Executive Engineer . — One continuous shock. l)(H)rb rattled. 

M. A. Khan, Canal Deputy Collector.— Ono continuous shock felt by persons at 
rest. Hanging objects swung east-west. 

Tahsildar. — One shock. His attention as well us that of others was attracted 
by the rattling of doors and windows. 

Balod. 

TahsHdar . — One continuous shock felt by persons at rest. Doors rattled and 
a punkah swung slightly in a north-south direc tion. 

Raipur district. 

Baloda Bazar. 

M. P. Davis. — Strong continuous tremors. A deej^ rumbling as of an aorojilane 
at a distance or of a large motor bus was heard coming from the oast and moving 
westwards. The observer felt giddy in his chair. Doors and windows rattled 
for ISO seconds. Hero and there in the village tiles fell from the roofs of mud 
huts. 

Subdivisional Officer, Baloda Bazar. — A rumbling noise was heard during the 
shock, which was felt by many persons. Doors and windows rattletl. 

Raipur. 

Bvhdivisioual Officer, Raipur. — Two shocks preceded by a sound like that of 
a lorry moving fast and which changed afterwards into a dull sound. Windows 
and doors rattled ft)r a long time. 

V. S. Forbes, Ftcc Principal, Rnjkumar College.— A tiembling of fairly unifoiin 
intensity was felt by jK'rsons at rest. Doors and windows rattled. Water in an 
opcm concrete cistern, placed in an excavation in the ground, was rocked in an 
east- west direction and wetted both sides four inches above the level of the water.' 
Hanging objects swung and the observer’s seat moved. Some old plaster fell but 
new plaster did not. 

Maketsamund. 

P. W. Naidv. — One continuous shock preceded by a rumbling noise like that 
of a numing train. Doors and windows rattled, hanging objects swung and books 
lying loose on a table were thrown down. Some plaster fell. 

Dhamiari, 

O. P. Bhargava, Tahsildar. — Three continuous shocks felt by itersons at rest. 
Doon and windows rattled and hanging objects swung. 
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Madras. 

ViZAGAPATAM DISTRICT. 

Nowrangpur, 

Deputy TahaUdar.— Two shocks for 30 seconds. Doors and windows rattled. 
The movement was north-south. 


Rayagudda. 

Deputy TahaUdar. —One slight tremor for 120 seconds. People at rest felt 
tli(‘ sliook, doors and windows rattled and the observer’s seat moved slightly. 

fhmupur. 

Jkjmty TaJtaiUar. -One slKsk for 120 seconds felt by persons at rest. Doors 
and windows jm tiled, hanging objects swung north-south and the observer’s seat 
moved slightly. 


Jeyporc. 

TahaUdar . — One eontinuouH shock for 180 seconds felt by many people. Doors 
and windows rattled, hanging objects swung north-south, and his table also moved 
in the same direction. 

Civil Assistant Surgeon . — He felt one continuous shock for 180 seconds. 

Ileadwaster, Board High School.— One continuous tremor for 180 seconds felt 
by moat |K*ople. Doors rattled, hanging objects swung and his chair was shaken. 
According to a pleader the intensity was lowest in the middle and strongest at the 
b(‘ginning and end of the shock. 


Korapui. 

lievenue Divisional Officer . — One continuous tremor for 180 seconds felt by 
persons at rest. Doors and windows rattled, a motor car moved backwards and 
forwards and liis seat moved. The roof of his house was slightly orac'ked. 

Deputy TahaUdar . — He felt one shock for two seconds. Doors rattled, hanging 
objects swung and his chair was shaken. 

Parvatvpuram. 

Clerical Staff, Divisional and Taluk Offices . — One continuous shock for 60 se- 
conds was felt. Chairs were pushed in an east-west direction and a slight rumbling 
noise was heard. Persons lying on cots felt a reeling sensation. Doors and windows 
rattled slightly. 

Bobbin. 

Deputy Tahsildar . — One shock for five to ten seconds. He heard a sound aa 
of a motor car running at a distance or of two grinding stones at work. The shock 
was felt by persons at rest, doors and windows rattled and hanging objects swimg. 

V izagapatam. 

Clerk, Revenue Divisional Offiae . — ^Two shocks for 60 seconds were felt. Hanging 
objects swayed east-west. 

Clerk, Divisional Office.— A mild shock was felt. 
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East Godavabi district’. 

Coconada, 

C. D. T. tShore. — ^The chair on which he waa sitting and a small tea table to 
gether with the floor on an upper storey of a large building swayed to and fro. Fans 
and lights swung to and fro. Trees and the comer of the bungalow had definite 
movements. The total duration of the shock was 180 seconds and the quake caused 
discomfort to jicople at rest. 

Ji. A. Ram Stnghy Meteorological Observer. — He felt half a dozen shocks for 120 
seconds. Doors and windows rattled and hanging objects swung. 

Mohamad Zindahf Collector's Office. — Half a dozen shocks for 120 seconds. His 
seat was shaken. 

West Godavari district. 

FAlore. 

The Collector y West Godavari district. — One shock felt by persons at rest. Doors 
and windows rattled, hanging objects swung north-south and a glass tumbler on 
a table was thrown towards the south. 

Kistna district. 

Masulijpatam. 

E\ C. Woody CollectoTy Kistna district. — At 2-20 p.m., persons in a position of 
rc'st felt a succession of rocking movements Uke those on board a ship in a gentle 
swell. Tlie shocks lasted 20-30 seconds. Punkahs swung N.W. — S.E. 

Meteorological Observer. — One shock for 120 seconds. Doors and windows 
rattled and a reeling sensation was felt. 

A. S. Thyagarajtiy Noble College . — Two shocks were felt lasting about 180 seconds. 
The observer was on a cot, which appeared to roll east-west. Many people felt 
giddy. Some doors rattled and a pendulum clock stopped at 2-35 p.m. The tre- 
mor did not affect the town uniformly but appeared to have travelled along the 
north-eastern sector of the town. Houses falling in this zone experienced the 
shock in a greater degree than those in other parts of the town. 

Guntur district. 

Tenali. 

T. E. Jeirsuriy Tahsildar. — Two shocks for 60 seconds. The second shock 
was mon' ai)preciable than the first. The observer’s chair shook oast-west. 

Repalle. 

0. Rama kanthachary ary Tahsildar. — One shock for 60 seconds, felt by persons 
at rest. Doors rattled, hanging objects swung and the observer’s seat was shaken. 

Eastern States. 

SoNPUR State. 

Sonjmr. 

A. N. Sarkar. — He felt the shock at 2-16 p.m. (I. S. T.) for 120 seconds. It was 
preceded by a rumbling noi^. Loose tiles on the roof rattled. Hanging objects 
swung east- west. 
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Athmalik State. 

Athmalik. 

S. Ohosh, Chief M^ical Officer. — He felt one oontinuoua shook at 2-30 y in. 
(Railway time) lasting about 180 seconds and heard the ‘ sound of a running cai 
on the roof of the building Loose objects rattled and hanging objects swung. 
Some people felt another shock in the evening at about 7-30 p.m. on the same 
day. 


Hindol State. 

Hindol. 

Medical Officer, Hindol State. — Ho felt three mild shocks for 300 seconds at 
2-16 p.m. Doors and windows rattled slightly and hanging objects swung north- 
south. His seat was slightly moved. 

Narsingpur State. 

Narsingpur. 

Hem Sen Ovpta. — Two slight shocks at 2-20 p.m. (I. S. T.), one lasting about 
four seconds and the other two seconds. Loose objects rattled slightly. 

Baramba State. 

Baramba, 

M. Naik, Superintendent, Baramba Stale. — He felt two shocks lasting about 
ten seconds at about 2-15 p.m. During the shocks a sound resembling that of a 
motor bus in motion was heard. Loose objects rattled. The shock was felt by 
persons at rest. 

Kalahandi State. 

Bhawani Patna, 

B. Mahanti, Dewan, Kalahandi Stale. — One shock for 120 seconds. A sound 
like that of a motor ear in motion was heard before the shock. Windows and 
loose objects rattled, hanging objects swung and the observer’s seat was shaken. 

Patna State. 

Bolangir, 

Biahan Singh, Superintendent of Police, Patna Stale. — One shock for 180-240 
seconds. Doors rattled and his seat moved. A few tiles fell from the roof. 

O. N. Hota, Sub-Inspector of Police, Sadar. — One mild shock for a few seconds. 
An unusual sound as of a motor car was heard simultaneously with the shock. 
Doors rattled and his seat moved N.W. — 8.E. 

Manoharpur, Bolangir P, 0, 

Baman Bath, Clerk, Settlement Office. — One continuous shock for 300 seconds^ 
A rattling sound was heard. Punknhs in his office room swung to and fro. A 
slight crack appeared in one wall of the Settlement Officer’s quarters. 
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Patnagarh. 

D. C. Rat, SubdivisioTuU Officer. — One moderate shook for 120 seconds. The 
roof and doors rattled and his seat and chair moved. 

P. K. Chopdar, Secorid Officer. — punkah swung north-south. 

Baud State. 

Baudgarh. 

O. C. Misra. — Two shocks lasting 156 seconds. Tho first was the stronger 
of the two and lasted about 90 seconds , after an interval of 26 seconds a milder 
second 8ho<‘k was felt for 40 seconds. The shocks were not felt by persons sleeping 
but only by porsojis resting awake. Almirahs and light loo'^e objects, doors ami 
windows rattled slightly. Hanging objects swung N.E. — S.W. A lightning eonduc*- 
tor on the top of a building 76 feet high shook perceptibly. Some people were 
unable to write ])roperIy as tlieir hands begun to shake. 

Daspalla State. 

Da.spalla. 

B. N.Nayakt Dexoan, Daspalla State . — One shock for 00 seconds. Doors and 
windows rattled, hanging objects swung and the chair on which ho sat was shaken, 

Kiiandpara S'PATE. 

Khand paraga rh . 

P. K. Pvjari, Superintendent ^ Khandpara State. — Ho felt a very mild shcKjk 
lasting about 60 seconds at fiboiit 2-16 p.m. His seat moved. Hanging objec'ts 
swung north -south. 

Nayagakh State. 

Nayagarh, 

NUkantha Mafiapatra. — He felt only one shock of slight iuk'iisity for 70 seconds. 
Many people doing office work did not feel the shock. 

Ranfur State. 

Ranpur. 

B. Pahtanayak. — He felt three sfight shocks lasting about 16 seconds. Hanging 
objects swung north-souiU. 


Orissa. 

Balasore district. 

Bhadrak. 

D. O, Da3f Subdivieionat Officer . — One shook for 120 seconds felt by persons 
at rest. Doors rattled, hanging objects swung north- south and the observer’s seat 
moved. 

Chandbali. 

Waked AH, Meteorologiddl Obaerver . — One shock for 120 seconds. Loose objects 
rattled, banging objects swung N.W. — S.E. 
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Capt. D. J. Manfield, Port Offioer, Orissa Ports, was afloat on the Dhamra 

river and felt no shook. 

Cuttack distbiot. 

Kendrajpara, 

0. C. Chandra, Subdivisional Officer, Kendrapara . — Two shocks for 180 seconds. 
They were felt by persona at rest. Hanging objects swung and his seat moved. 

Puri district. 

General {Puri district ). — The reports from the various police stations in Puri 
district state that a mild shock lasting about 60-180 seconds, was felt all over 11 h‘ 
district. Pt'rsons asleep or walking did not feel the shock. Poors, windows, tiles 
on roof rattled gently. Loose objects fell down in some places. Hanging olijects 
swung (Hthcr noj Ui-Bouth or east-west. A report from Kakatpur Police Station 
states that a rumbUng noise like that of a motor engine in action was heard during 
the shock. 

Puri. 

Subdivisional Officer, Sadar . — He felt two shocks lasting (>0 seconds. Roth 
the table and chair rocked eaiit-west. 

B. G. Nayak, Deputy Magistrate.— He was sitting on a chair inside the court 
room find felt two shocks for GO seconds. His stait was shaken. 

R. K. Mahapatra, Officer in Charge, Tovm Police Station . — Aceording to him 
the shock lasted about 120 seconds. Persons lying on l>ed and those who wiue 
slanding or sitting felt shght jerks. Persons asleep did not feel the shock. Hanging 
objects swung east-west. 

Khurda. 

Subdivisional Ojjicer, Khurda . — He was working in the court room and felt 
one continuous shock for about 46 seconds. His table moved (‘ast-west and he 
felt giddy. 

Ganjam District. 

Surada. 

Tdhsildar . — Two shght shocks, of which the first lasted 15 and the si'cond 10 
seconds respectively. Venetian windows rattled and a table shook a httle. 

RussellJconda. 

One shock, lasting 16-20 seconds. Poors and windows rattled. Movement 
was oast- west. 

Aska. 

One shght shock for less than a second. 

Ganjam. 

One shock causing doors and windows to rattle. Hanging objects swung cast- 
west. Loose objects feU both east and west. 

A brick waU collapsed and several walls were cracked. Two small cracks ap* 
peared over the Rushikulya river bridge on the Ganjam road. 

Udaygiri. 

R. 8. V. Aiyer . — One continuous tremor, for 20 seconds. One felt as if one’s 
legs trembled. Poors and windows rattled slightly. 
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Gkicaeole. 

AUeen Oeorgeson . — Three shooks for one, three and one seconds respectively. 
The second shook was stronger than the others and caused doors, windows and 
loose objects to rattle. 


Bengal. 

Noakhali district. 

Sandwip Island. 

K. M. Aliy Circle Officer . — One shook of moderate intensity felt by persons at 
rest. Doors and windows rattled, hanging objects swung and the observer’s seat 
moved. 

Chittagong district. 

Chittagong. 

Treasury Officer . — One mild shock felt by the movement of chair and table. 

S. B. Bauly Meteorological Observer . — Two light shocks for five seconds. Some 
persons at rest felt the shocks and hanging objects swung very slightly. 


Assam. 

Lushai Hills. 

Aijal. 

Capt. E. 0. SuttoHy I.A.y let Assam Rifles . — He felt one shock for 60 seconds. 
It was a gentle rooking motion and caused doors and windows to rattle very slightly. 

According to S. V. Lloyd Roes, Esq., I.P., the shock felt at Aijal was very 
slight. 

Manipur State. 

Imphal. 

Registrar to the Political Ageniy Manipur . — Two shocks were felt, the first lasting 
about 46 and the second about 60 seconds respectively. A mild vibratory motion 
was felt during the interval between the two shocks. Some hanging objects swung 
north-south by the first shock and east-west by the second shock. Very narrow 
cracks appeared in some of the walls and arches. 

Mr. C. Qimson, the Political Agent, was about 30 miles away from Imphal, to 
the north-west, at Makui Khulcn, a village about 6,100 feet high, and did not feel 
the shock at all. 

Naga Hills. 

Kohima. 

Meteorological Observer . — Two shocks lasting about 90 seconds were felt bj 
persons at rest. Doors, windows and loose objects rattled. 

SiBSAGAR district. 

Sibsagar. 

A, Macdonald . — One continuous undulatoiy movement for 60 seconds. 
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Lakhimpur district. 

Hoogrijan. 

R. O. Philips f Hoogrijan P. 0. — Duration 120 seconds. One shock was fol- 
lowed by a slow elliptical motion of the ground, the major axis of the ellipse being 
north-south. The shock was mild and caused hanging objects to swing north- 
south. 

Dighoi. 

E. P. Vachellf Resident Geologist, B.O.C., Digboi . — Duration 120 seconds and the 
more severe tremors occurred within a period of about ten seconds. Hanging 
lamps and fans swung. 

Sadiya Frontier Tract. 

Sadia. 

J. H. Grace, /. P., Political Officer, Sadiya Fr. Tract . — Ho felt two intermittent 
shocks, one lasting 120 seconds and the other 180 seconds, making a total of 300 
seconds. Doors and windows, etc., rattled, and some vases were made to dance. 
The shocks wore slight but prolonged. 

Darrang district. 

Mangaldai. 

0. S. Ouha, Subdivisional Officer, Mangaldai . — One continuous swinging move- 
ment lasting about 240 seconds was felt. The shock was felt only by a few persons 
at rest. Doors and windows rattled slightly and hanging objects swung north- 
south. 

Tezpur. 

B. Ohose, Tezpur . — One shock lasting about 90 seconds. Hanging objects 
swung N.W. — S.K. 



CHAPTER XXVIII. 


ISOSEISMALS II— III. 

North-West Frontier Province. 

Peshawar. 

Mctecnologmil Office, Two shooks at about 14*20 hours lasting about 

iiO si'conds. TJic* Hhoiks woro felt by iiorsoiiB at rest, and were strong enough to 
make (loni-s and window 8 rattle and hanging objects swing. 

Malakand Agency. 

1'he Assistant .Secretary writing from Peshawar for tho Chief Secretary to Gov- 
ernment, N. VV. F. P. stated that slight earthquake shocks were felt in tho Mala- 
kand Ageney (Swat Ranizai and Sam Ranizai, Swat State). 


Punjab. 

OUJRANWALA DISTRICT. 

Gujranwala, 

Khun Bahadur Malik Zaman Mehdi Khan^ Deputy Commissioner, — A very 
weak shock of shoit duration. A similar shock was felt at Wazirabad. 

Montgomery district. 

Chichawalni Road, 

A. P, F. Hamilton . — Two distinct tremors at 14*24 hours, each of them lasted 
two or three seconds. Bed vibrated and doors rattled. 

Multan district. 

Multayi. 

It. J. S. Dodd, Deputy Commissioner, — ^Lamps and fans swung slightly. 

Bahawalpur State. 

Bahawalpur, 

Assistant Colonization Officer, Bahawalpur Government. — One shock for three or 
four seconds. Hanging objects swung east-west. 

Lahore district. 

Lahore, 

D. N. Chopra, Meteorological Observer,— One shook felt by persons at reit for 
two to three seconds. 
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Gurdaspur district. 

Oiirdaspur. 

J. M. iShrinagesh, Deputy CommissioneT , — very slight shock. 

Kalanaur. 

Nazar Ali Shah . — One slight shock. Hanging objects swung slightly in an cast- 
west direction. 

Batala. 

Ohulam Mohammad . — Two to three shocks for 30 seconds separated l<y an 
interval of 10 seconds. Felt by persons on roofs of houses. Hanging objects 
swung and charpai moved. 

Kdhnuwan. 

Budha Mai . — One slight shock for a second. 

JULLUNDUR DISTRICT. 

Nahodar. 

Tahsildar . — One shock for 30 seconds felt by persons at rest, especially on the 
upiHT storey of houses. 

Phillaur. 

H. C. Mitaly Subordinate Judge . — Three or four shocks for ten seconds sepa- 
rated by intc'rvals of half a second. They were felt by i)crsons at rest. 

Ludhiana district. 

Ludhiana. 

J. Khan, Dtputy Commissioner . — Mild shocks on 15th and 20th .Innuary lOIM, 

Mandi State. 

C. F. Upton . Assistant Private Secretary . — very shght swinging of the elec- 
tric light chandelier in a north-south direction. I’he extent of the swing was about 
two inches. 

Bilaspur State. 

Bilaspur, 

P. Khandvlal, Diican, Bilaspur Stoic.- A feeble shock lasting about tliice 
seconds. 

SuKET State. 

Sundarnagar. 

Bevenuc Collector . — One slight shock felt by persons at rest, and moved the seat 
shghtly. Duration five seconds. 


Rajputana. 

Jaisalmer State. 

Jaisalmer. 

J. Lai, Dewan, Jaisalmer State . — One shock of a very slight nature lasting about 
half a second. It was felt by peivons at rest inside the house. 
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Jodhpur State. 


Pachbhadra, 

The. Hakim, Pachhkadra . — One slight shock for five seconds. 

Barmer. 

The Hakim, Barmcr , — One slight shock for a second or two. 

SiROHi State. 


Sirohi. 

0. L. MacGregor., Chief Minister . — Two mild shocks for two seconds, felt by 
()or8onB at rest. 


Palanpuh State. 


Deesa. 

Meteorological Observer . — One mild shock for three seconds at 2-30 p.m. 

Palanpur {isoseistned IV). 

D. V. PaXerah, Acting Wazir . — Two distinct shocks for about ton seconds. 
People felt them whilst either sitting, stfimding or lying on a bed. Doors and 
windows rattled. The shock was of very mild intensity and very slightly felt. 
The shocks were not noticed by all. 

Danta State. 


Danta Bhavangadh, 

R. B. Divanji, Dewan, Danta State . — ^One shook for 30 seconds. Windows 
rattled. 


Dungarpur State. 


Dungarpur (isoseismal IV). 

Sardar Pratap Singh, Revenue Officer . — One sUght shook lasting about 60 
seconds. Doors and windows rattled and hanging objects swung. People lying 
on beds felt as if they wore being pushed from underneath. 


Banswara State. 

Banswara. 

Deuxin, Banswara State . — A very slight earthquake for two seconds. 


Sind. 

Khairpur State (Punjab States). 

Khairpur Mips, 

Lady Doctor, WiUingdon Hospital . — She was lying down reading and felt one 
shook for a second. Electric ceiling fan and light swung east- west. 
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States of Western India. 

Sabar Kantha Agency. 

Sadra^ Sadra Division (Mahi Kantha). 

M. B. Patel, Senior Deputy Political Agent, Sadra Division . — Two shocks folt 
by persons at rest for ten seconds. Loose articles rattled, and hanging objects 
swung east- west. 


Bombay. 

Kaira district. 

Kaira. 

R. S. Jayakar, Collector of Kaira . — Three very mild shocks for a few seconds* 
felt by persons at rest or sitting or standing in a position of quiet ; giddiness was 
folt. Did not disturb sleepers. 

Ahmadabab district. 

Modasa. 

O. A. Trivedi . — He felt one shock for two seconds at 2-30 p.m. He was sitting 
on a chair. 

Broach and Panch Mahals district. 

The Collector of Broach and Panch Mahals district, has kindly supplied the fol* 
lowing consolidated report from the taluqs mentioned below : — 

Godhra, 

One shock for two or throe seconds. 

Kalol. 

One shock for two seconds felt by persons at rest. Loose objects rattled slightly 
and hanging objects moved north-south. 

Halol. 

One shock for a second felt by persons at rest. Doors rattled and hanging ob- 
jects swung ‘ round about *. 

Jambmar, 

One shook felt by persons at rest for 26-30 seconds. Windows and, at some 
places, loose objects rattled. Hanging objects swimg north-south. Itoose objects 
at some pletoes fell either north or south. 

Vagra, 

Two shocks felt by persons at rest for two or three seconds. Hanging objects 
swung slightly. 

Broach City. 

One shook felt for a second by some persons at rest. Hanging objects swung 
north-south. 
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Broach taluq. 

One shock for a second. Some loose objects were thrown towards the south. 

Anklesvar. 

0n<’ shock for two to four seconds, felt by persons at rest. 

Surat district. 

Surat. 

D. A. Patel, City Magistrate . — Some people felt one shock for eight to ten 
seconds at about 2-22 p.m. Chairs moved, hanging objects swung and some clocks 
stopped. The observer, working in the court room, did not fet'l the shock nor 
did the other people inside the room. 

T. P. Jetley, City Survey Officer. — One slight shock for two seconds. His chair 
was somewhat shaken. 

Hazur Mamlatdar, Collector's Office. — He felt one continuous shook which was 
felt by persons sitting on chairs, which were shaken. Almirahs and loose paper 
racks on tables were observed to bo shaking. The movement felt was north-south 
at first and later became circular. 


Bardoli. 

L. Crishnalal, MamlcUdar. — One shock for a second. 


Jalalpur. 

M. Manilal, Mamlatdar. — Three slight shocks were felt. 


Buhar. 

V. N. Pradhan, Mamlatdar. — Two shocks for ten seconds. (Jlotlios spread (Uit 
on strings for drying shook cost-west. 


Chorus i. 

M. O. Naik, Mamlatdar. — One slight shock for a second, 
spilkd. 


Ea8t Khandesh district. 


Water in a trough 


Waghoda. 

(}. N. Bhargaioa, Q. 1. P. R. — Throe very slight shocks for two seconds. Win- 
dows, doors and loose objects rattled. 

Mr. L. T. Gholap, District Magistrate, East Khand(Mih, writing from Jalgaon, 
reported that the shook in his district was felt at about a dozen places and was 
very mild as described below : — 

Rawer. 

Two shocks within five minutes, each lasting two seconds. The shocks wore 
just strong enough to be felt by persons at rest and shook the floor and the walls 
of the room. 

Chopda. 

A very mild shock f6r a second or two. Floor appeared to shake slightly and 
clothes on pegs moved slightly. 
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Yaval. 

One very mild shock for five seconds. Hanging objects swung slightly. 

Savd(j. 

Siatiommbter^ (J. I. P. l{.--Oiw slight shuck for 30 seconds. Time 14*20 (T. 
S. T.). It was felt by persons at rest, hanging objects swung cast-west and his seat 
moved east-west. 

Edalabad. 

One sliglit shock for five seconds. Doors and chairs were slightly shaken. 

Bhusawal {isoseismal IV ?), 

Svb-Registrar'a Office. — One shock felt for two seconds, causing the flanks of the 
windows to rattle. 

People's Co- operative Bank. — One shock lasting 66 seconds ; it was felt by per- 
sona at rest. Windows, and df)orR shook and tables moved a little north-south. 

Mrs. C. J. liower. — One shock was felt. Windows and small vases on the piano 
rattled. Electric fans and lights swung a little. 

P. 1). Patil, J). V. B. Office, 0. 1. P. One continuous but slight shock for 
tlii’ce or four sc^conds, felt by persons at rest. Doors and windows rattled, hanging 
objcct.H swung cast-wcHt and his chair rocked ea8t-\iest. 8ome loose objects fell. 

B. y. Tnilang, O. I. P. R. — One mild shock for 420 seconds. Windows rattled. 
Up platform shed swung north-south, a picture frame on a Avail on that alignment 
aw\mg north-south and the overbridge moved in the same direction. His chair 
was shaken. 

Erandol. 

One slight shock for two seconds. Hanging objects swung north-south. 

Nasik district. 

Satana, 

MamlaMar. — At Jayakheda and Lohoner in the Satana taluq the shook lasted 
about two to four seconds. Loose objects rattled slightly. 

Niphad. 

Mamlatd<ir of Niphad.- -Threo shocks lasting about 180 seconds. The obser- 
ver’s chair was shaken. 

Nasik. 

B. O. Abaji. -—He was sitting on the first floor of a house and felt a feeble shock 
lasting two or three seconds which caused him to shake twice or thrice. Doors 
and windows and loose objecjts rattled a little and hanging objects swung slightly. 
Time 2*16 p.m. 

Mr. Dalvi, Pleader. — He felt one mild shook for two seconds. Haxtging objects 
• swung east-west. Time 2*16 p.m. 

Nasik Road. 

H. L. Khare, Cabinman, 0. I. P. JS.— One slight shock for 180 seconds. Time 
14*19-14*21 hours. Window shutters made some noise, lamp wires oscillated and 
an empty tin fell down from the table towaris the north. 


2c 
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Thana district. 


Mamlatdar, Basscin, — He was lying on the bed and felt one shock for a second. 
Doors and windows rattled slightly. 

Bombay. 

N. Lishman (Sun Insurance. Office^ Ltd.). — He was on the top floor of a high 
five storey building on Altamount Road, Cumballa Hill, one of the highest build- 
ings in Bombay. While resting in a dock chair, he felt, at about 2' 16 p.m, a series 
of tremors. The second tremor followed the first after an interval of CO seconds 
and was more intense. The third was the strongest and caused the ceiling fan 
and light to swing. He felt altogether six tremors over a period of seven to eight 
minutes. The tremors wore at a speed of about three to the second and in all cases 
the movements commenced with very faint vibrations and reached a zenith in about 
J of a minute. There was a definite period between each tremor when no movt- 
ment at all was apparent. 

K. N. Master, Taj Building, Oouali Trunk Road. — He felt three shocks lasting 
about 150 seconds at about 2*17 p.m. The intensity was strong enough to l)o felt 
by persons at rest, sitting as ho was on a bed, and to cause hanging objects to 
swing. 

Diiarwar district. 

Dharwar. 

E. T. Roger, Executive Engineer. — ^Two shocks could only bo felt by pci*sons 
lying on the bod. Two side mirrors of a dressing table vibrated. 

Deccan States. 

Capt. A. A. Russell, M.C., Secretary to the Agent to the Governor General 
for the Deccan States and Resident at Kolhapur in a letter to the Director, Geolo- 
gical Survey, stated that the autliorities of the Kolhapur and the Deccan States 
intimated that no shock was felt in any of the States on the 16th January 1934. 

He, however, received the following infoimation from the Dewan of Sawantwadi 
and the State Karbhari of Kurundwad (Senior) : — 

Sawantwadi (Savantvadi). 

The water of the well known as Chandatali in the Sawantwadi town rose during 
the period from the 16th to the 20th January, 1934, ultimately reached the top 
level of the surrounding j>averaont and overflowed. 

Kurundwad (Senior). 

The water of some of the wells at Tikota near Bijapur stirred and was seer 
dashing on the western walls of the wells for throe or four minutes on the 16th 
January 1934. 

Hyderabad State (Deccan). 

The Secretary to the Resident at Hyderabad kindly forwarded the following 
information : — 
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Aubangabad district, 

Aurangabad, 

One slight '^hock for three seconds. Water from a fountain rcwse and flowed 
out. 

A slight shock was felt for 30 seconds at Bhokardan, 10 seconds at Jalna and 
60 seconds at Paithan. Loose objects rattled and small pieces of roofing material 
fell. 

Parbhani district. 

At Hingoli, Borala, Umra, Maliwar and Babalgaon of Hingoli taluq, the shock 
lasted two or three seconds. Hanging objects moved to and fro. In some places 
the cooking utensils that were arranged one above the other fell down. A double 
storey house was observed shaking. 

At Basmatnagar, Kankhar, Bhendegaon, Hatta Phala of Basmatnagar taluq, 
a slight shock was felt for two seconds. 

At Kalamnuri one slight shock was felt for two seconds. 

Nander district. 

At Ardhapur and Nander one slight shook for two seconds was felt. 

Warangal district. 

At Mulag two mild shocks were felt. Doors and windoji^s rattled and house 
seemed to be shaken. 

At Yellandu a mild shock was felt for 120 seconds. 

Gulbarga district. 

No shock was felt in this district but water in the wells rose for two minutes 
at Korangal, and at Konkal and Chitanpalli of Yadgir taluq. 

Mabbubnagar district. 

At Pargi taluq noise of water in the wells of some villages was heard. 

At Mahbubnagar water in the wells rose for one minute. 

At Nagar Kamul loose objects rattled and water in the wells rose and fell. 

Madras. 

Guntur district. 

Bapatla. 

J. Oopalaraoy Tahsildar . — Two shocks for three seconds causing a reeling sensa- 
tion. 

Chirala, 

Deputy TahsUdar . — Two slight shocks for one minute. Tables and chairs were 
shaken. 

Ponnur, 

Deputy Tahsildar , — One slight shock for two seconds. A slight sensation was 
felt by persons at rest and the observer himself felt a very slight reeling of the 
head and a very slight jerk towards the table. 


2 0 2 
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TiruvoUiyur (near Madras), 

Thakore H. S. Kishen Singht Kdladipei-Washermanpet Post, Madras . — He was 
flitting on an easy chair and his mother resting on a camp cot on the first floor of 
his house. Both of them felt a mild shock causing the chair and the cot to rock 
a little. A brood piece of wtKxl suspended from the roof of the room swung like 
a cradle for 180 seconds. The ex8u*t position ol the village ht* was in lies half way 
between Tinivottiyur and Kaladiept^t but rlo.s(‘ to Tiruvottiyur Police Station. 
The shfKjk was noti(^ed by a very few ]>eople. 


Bengal. 

Chittagong Hill Tkacts. 

Rangamati. 

M. R. Wenger . — slight tremor followed by a strong shock lasting about 30 
seconds. A small bookstand oscillated east-west. 


Burma. 

Yamethin district. 

^ Yamethiv. 

O. D. Stewariy Deputy Commissioner, Tawftfnv dtsf, A slight shock was lelt 
in a very few villages of Yamethin township. 

Akyab district. 

Akyab. 

Township Officer . — ^Two shocks for three secondB. Hanging objects swung 
north-south. 

Superintendent, Post Office . — One shock for 50 seconds. 

F. Ahmad, Meteorological Assistant . — ^Three slight shocks for five seconds. 
Hanging objecta swung. 

K. P. Chahraburty, P, W. Department , — ^Threo slight shocks for five seconds. 
Hanging objects swung. 

Telegraph Department . — ^Two shocks for 70 seconds. Hanging objects swung 
slightly. 

Pauktaw. 

Headman U. Tha Oyaw , — ^Two shocks for three or four seconds. The shocks 
were felt by persons at rest and hanging objects swung north-south. 

Minbya. 

TownsKip Officer. — One very slight shook for two seconds. Doors and windows 
rattled. 


Myohaung. 

Village Headman, — very sli^t but continuous shocks for two seconds 
were at 4 p.m. 
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Kyauhtaw. 

Township Officer. — One continuous shook for 180 seconds. The shook was felt 
by persons at rest. 

Buthidaung, 

Township Officer.— Tour or five shocks for 40 seconds felt by persons at rest 
at 4 p.m. Doors and windoTVH rattled, hanging objects swung north-south and the 
observer’s seat moved. 

Maungdaw, 

Assistant Tovmship Officer. — Two slight shocks for three seconds. 

Abakan Hill Tracts. 

Paletiva {Northern Arakan). 

Head Clerk, SuperiniendenV s Office. — One shock for 20 seconds. It was felt by 
persons at rest. Hanging objects swung north-south. 

Sagainq district. 

Chaungu. 

Mg Tin. — Two shocks for two seconds separated by an interval of two seconds. 
The shocks were felt by persons at rest. 

Lower Chindwin district. 

Monywa, 

B. R. L. Carter, Deputy Commissioner, Lower Chindwin district. — A slight shock 
for half a second. 

Chin Hills district. 

Haka. 

As8i8ta7it Siiperinte7iilent, Haka. — His wife felt one shock when she was roused 
from her sleep. Doors and windows rattled and her bed moved. 

Falam. 

Van Huron, (Jhief of Tashon Tribe. — One shook felt by persons at rest. Doors 
and windows rattled and the observer’s seat was shaken. 

Northern Shan States. 

Loiseng, (Tanmpeng State). 

V. C. Pitchford, Assistant Superintendent, Namshan. — Two or three shocks for 
15-20 seconds. The shocks were felt by persons at rest. 

Myitkyina district. 

Lauhhaung. 

C. C. Fisher, Assistant Superintendent, Laukhaung. — One shock, at about (?) 
1.8 p.m., for ten seconds. It was accompanied by a rumbling noise which lasted 
during the shock. Doors and windows rattled, hanging objects swung and the 
observer’s seat moved. 

Fort Hertz {Hhamti Long), 

W. M. F. Gamble, Meteorological Observer . — One shook lasting about ten seconds 
was felt inside the bungalow, which is supported on a raised structure. People 
sitting on the ground outside did not feel the shook, during which doors and win- 
dows rattled and the bungalow vibrated slightly and creaked. 



CHAPTER XXrX. 


SHOCKS REPORTED OUTSIDE THE GENERAL LIMIT. 

Burma. 

The Sub-Pofitmaater of Myawaddy village, Amherst district, Burma reported 
that a shock was felt in the village. This is nearly 300 miles from the nearest 
limit at which the shock was certainly felt in Burma, with the thickly populated 
city of Rangoon intervening. It is doubtful whether the movement at Myawaddy 
had any relation to the earthquake shock. 

South India. 

iSevcral reports of a shock were submitted from the west coast of South India. 
In the Preliminary Report, published in 1934, this was referred to as a sympathetic 
shook. A further perusal of the reports leaves some doubt whether the movement 
felt was certainly connected with the earthquake, and it is even more doubtful 
whether slight cracks or settlement in buildings in that locaUty were caused by the 
movement — after an earthquake such effects are noted even although they may 
have actually existed previously. 

The area, at its nearest point, is some 300 miles from the southern limit of the 
general shook. There is, of course, the possibility that there was a local increase 
in intensity on this narrow coastal strip of recent imconsolidated sediments similar 
to the local increases in intensity which occurred at the mouths of the Godavari 
and Mahanadi rivers. 


South Kanaka district. 

Mangalore, 

Mr. E. M. Gawne, Collector of South Kanara, has supplied the following informa- 
tion as recorded at St. Aloysius’ College, Mangalore : — ^The shock was recorded at 
14.17 hours and the needle of the seismograph regained its usual calm after 15 
hours. Father Ferroli felt one shock in his room. The Electric Power House, 
erected in 1933 on low-lying and comparatively soft ground near the railway station, 
was cracked in several places. 


Cochin State. 

Mr. H. R. Uzielli, C.I.E., Collector of Malabar district, writing from Calicut, 
stated that some persons indoors felt the shook at Cochin and nowhere else in the 
district. The shock is said to have lasted there for a few seconds and caused over- 
head elociric fans to swing. 

Cochin (Ernakulam P. 0.). 

R. 0. Bristow, Harbour Engineer in Chief to Government, Madras . — A momen- 
tary shock. Some people felt a slight giddiness as if they were being rocked. (The 
Harbour Engineer's office, quarters and other new buildings on the reclamation 

( 880 ) 
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subsided an inch, for the most part the subsidence was oven, but one of the quarters 
sank chiefly at the southern end, but this may be duo to other causes.) 

Travancore State. 

AUeppey. 

Tahsildar . — One not very strong shock was felt by persons at rest. Water 
in tanks and wells was disturbed and in certain tanks moss and lichen wore 
drifted ashore on the southern sides. 

Other Shocks. 

Several weak shocks were felt, in the early hours of the morning, by a number 
of people in the Anaimalai Hills, Coimbatore district and in some places of Madura, 
Ramnad and Tinnevelly districts of South India, between 11th and 16th January 
1934. The shocks were just strong enough to be felt by those who happened to 
be awake at the time and in a very few instances to awaken people from sleep. 

A shock of similar intensity was felt at Dibrugarh at 11-20 hours on 14th Janu- 
ary 1934. 

The Meteorological Observer at Fort Hertz in Upper Burma recorded minor 
tremors from 13th January 1934 for several days. According to him such tremors 
are very frequent there at that time of the year. 

Some persons, in one or two places of Amherst and Mandalay districts of Burma, 
felt a feeble shock on the midnight of 16th January 1934 and the Subdivisional 
and the Township Officers of Toungoo, headquarters of the district of the same 
name, reported a slight shock there at 1 a.m. on 16th January 1934. 

None of the above shocks api3ear to have any connection with the major shook 
that took place in Bihar on the afternoon of 16th January 1934, and may be re- 
garded 08 of local origin. 



SECTION D.-NEPAL. 


(J. B. Auden.) 

CHAPTER XXX. 

NEPAL TERAI AND HILL TRACTS. 

Introduction. 

Before desoribing the damage incurred in Nepal, it is well to point out that 
the information was obtained by making three traverses : — one in the neighbour- 
hood of Katmandu, map number 72 E ; one to Udaipur Garhi, 72 J ; and finally 
one to Dhankuta, Chainpur, Taplejung and Darjeeling, 72 M and N, 78 A. In 
spite of requests that the Hakims (Deputy Commissioners) of the various districts 
should send in reports as to the extent of damage in their territories, no informa- 
tion was forthcoming. Consequently reliance has to be made upon the three 
traverses, carried out along isolated routes. In places the discrepancies in damage 
between adjacent villages along those routes were sufficiently large to prevent any 
confident differentiation of the area into isoseismals. If more time could Lave 
been spared and a wider urea covered, these discrepancies would probably have 
almost balanced out and a more certain delineation of the isoseismals would have 
been possible. 

In an abstract translation from a veimcular memorandum. No. 565, dated 
the 9th Aswin Samvat 1993 (24th September 1936) from the Nepal Government 
Office to the Nepalese Officer attached to the British Legation in Katmandu, the 
following details of damage in Nepal have come to light. 


Regions. 

Number 
of houses 
levelled 
to the 
ground. 

Houses 

cracked. 

Houses 

partly 

oraok^. 

Rest 

houses 

damaged. 

Houses in the three principal 
towns of the Nepal valley, 
including surrounding vil- 
lages. 

12,397 

25,658 

17,684 

492 

Hilly tracts of eastern and 
westom Nepal. 

64,742 

73,253 

1,266 

•• 

Tend of eastern and western 
Nepal 

3,764 

5,610 

2,884 


Total 


104,621 

21,834 

492 


( 882 ) 
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It will be noticed that the number of damaged and oollapaed houees in the 
teiai is not very great. This is not to be explained as due to any paucity in the 
number of villages, but rather to the fact that the village houses in the terai are 
largely built of mud, or of bamboo plastered with mud. Such houses suffered 
less damage than the brick and undressed stone houses of the hilly tracts. 


Isoseismal X. 

Terai : Jaieewar . — It was reported in Sirha that the damage at Jaleswar, 19 
miles E. N. E. of Sitamarhi, was very severe, and that houses had slumped ex- 
tensively into the groimd. It is probable therefore that a small portion of the 
Nepal terai lies within isoseismal X. 

Isoseismal IX. 

Terai : Jaynagar-Sirha-Mukaar . — From the Nepal frontier, just north of Jay- 
nagar railway station, is a belt of flat alluvial terai 18 miles in width. Jaynagar 
is approximately 280 feet in altitude, while Muksar, at the foot of the Siwahks, 
lies on the 600 foot contour, so tliat the upward gradient of the terai is only 16 
feet per mile towards the north. Sand vents were scarce betwetm Jaynagar and 
the Kamli river but wore prevalent around Sirha. At Sirha it was slated that 
the first movements were horizontal and were followed by destructive vertical 
vibrations. The kutcha-pucca houses at Sirha all collapsed during the .secon<l 
phase, but the mud-plastered ‘bamboo huts suffered little damage. Th(‘ wells 
were only shghtly choked by sand. Sanding, fissures and slight faults in the allu- 
vium occurred siwradically as far as the Siwalik hills, but were not common beyond 
Nipania (26° 48' : 86° 21'). Fields at Koilpur (26° 41' : 86° 17') appeared to be 
extensively covered by sand, but two of them when measured proved to bo affected 
only to the extent of 0*4 and 1*4 jwr cent. The only damage at Nipania was the 
occurrence of cracks in the kutcha-pucca houses. A small aftershock was felt by 
myself at this village at 06 0.3 on the 11th March 1934, wheu rapid vertical vibra- 
tions were accompanied by a low rumbling sound, sufficient to set all the village 
dogs barking earlier than their accustomed hour. Slight sanding was noticed as 
far as Amraha, beyond which it was absent on the gentle gravel slopes rising up 
to the Siwalik hills. 

Terai : Joghani-Dharau Bazar . — The width of alluvial terai between Jogbani 
and the Himalayan foothills is 26 miles. Jogbani is about 220 feet above sea level, 
while the foot of the Siwaliks is, in this part, at 1,000 feet, the average upward 
gradient to the north being 31 feet per mile. 

Biratnagar (26° 28' : 87° 17') is a large town four miles north of Jogbani and 
is the headquarters of the Terai district between the Kosi and Ratua rivers. Most 
of the houses, built of wood with corrugated iron roofs, escaped severe damage, 
some being quite unaffected. The new granaries built of steel girders with corru- 
gated iron roofs and sides were also quite undamaged. The official buildings were 
all kutcha-pucca houses of brick and mud binding. All were rendered uninhabitable 
and many collapsed. 

Sand vents and Assures were rare around Biratnagar, but became worse at 
Sindhwari (26° 32' : 87° 17') and Mandheli (26° 36' : 87° 16 '). Sand vents persisted 
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as far aa Hatda (26® 43' : 87® 16'), but ceased cm entry into the jungle-covered Bhalor 
zone. 

Few of the houses by the side of the bullock cart track to Dharon were damaged* 
since most were built of corrugated iron. Several huts with thick thatched roofs 
wore tilted over on account of the inertia of the superstructure. 

In Dharan Bazar (26° 49' : 87° 17') the damage was very severe. 48 deaths 
wore reported and in every house one or more walls had fallen. Destruction was 
equally severe in the bazar as in the upper town built upon a 250 foot terrace of 
gravels. Several walla of the Pindeawari temple, and the outer walls of the Bijapur 
temple were badly damaged. An ornamented pinnacle on the Pindeswari temple 
WEIS bent over towards the E. S. E. 

The houses in Dharan Bazar are badly constructed, having a core of imdressed 
rounded boulders, taken from the river, faced on both sides by bricks set in a mud 
binding. At the time of visit reconstruction had already begun. Cross beams 
could be seen resting on narrow pegs driven into tho verticals and loosely tied to 
them by thin strips of metal sheeting. The walls of these new houses were being 
budt in the same manner as those that had collapsed, and a more unstable typo 
of building could scarcely be imagined. 

Hilly Tracts : Mukaar-Udaipur . — ^The direct route to Udaipur iHa Muksar and 
tho 2,200 foot col over the Mahamajida Danda (Siwalik Range) was not followed 
since it was stated to be highly dangerous on account of rock falls having rendered 
the Gobarjal (Dhauri) Valley impassable. An alternative route up the Rae naJa 
was taken, up which were seen small rock falls in the soft Siwalik sands and clays. 
Minor sand vents occurred in the sandy bottom of the valley. On the return 
journey from Udaipur to Sirha one local ooohe was persuaded to overcome his 
fear and to load a way down the Gabarjal nala to Muksar. Rock falls wore plenti- 
ful all the way down to Muksar, in four places having formed lakes that had com- 
pletely blocked the narrow valley. Two of these lakes had emptied at the time 
of visit, while the larger of the remaining lakes was about 600 feet long, and, owing 
to silting, only about 26 feet deep. The volume of rock fall from the Siwalik 
sandstones which had dammed this lake may be estimated very approximately 
to have been 260,000 cubic feet. The second remaining lake was 300 feet in 
length and very shallow. 

One and a quarter miles to the south of Muksar (26° 62' : 86° 23') the edge of a 
terrace of old, probably Pleistocene, gravels 40 feet in height had extensively col- 
lapsed into the plcun below. This is illustrated in Plate 27, fig. 2, in whicl^ 
also may be seen rock falls in the Siwalik SEmdstones along the southern border of 
the Siwalik range. 

At Risku (26° 68' : 86° 26') the damage waa not extensive and most of the 
houses were inhabitable. This village lies at an altitude of 1,900 feet in a valley 
on a low terrace of river gravels, a situation where the damsige might be expected 
to have been severe. 

Udaipur Qiirhi (26° 67' : 86° 32') is the headquarters of the district of this name, 
but is only a small village, consisting principally of a temple, jail, police station, 
kutchery and ofi&oiEil’a quarters. 267 deaths were recorded from the district. The 
village ties upon the crest of a ridge of clays and argillaceous sandstones belonging 
to the Nahan stage, at a height of 4,660 feet. The houses are built upon a clay 
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soil cap which was formed at a time when the ridge was ooyered by forest. In 
contrast to the little damage incurred at Risku, Udaipur showed almost complete 
collapse. All the official buildings fell, while not a village house escaped severe 
damage or collapse. The jail prisoners were chained together and housed in a 
shelter built of sal timber and leaves. The buildings at Udaipur Garhi are con- 
structed of bricks and irregular blocks of Nahan sandstones set in a mud binding. 
Monoliths of the temple fell over towards the N. N. E. and north-east. 

The thin soil cap upon the Nahan sandstones was fissured and in one place along 
the scarp face of the ridge the sandstones were step-faulted along joint planes 
down towards the south-western scarp face. A boulder of sandstone resting half 
enclosed in a hollow in the soil was dislodged over a distance of 9 inches (23 cm.) 
towards the north-east. 

The spurs to the north of Udaipur belonging to the Mahabbarat Dekh were 
everywhere scarred by rock falls of weathered gneisses, schists, and quartzites, 
(Plate 27, fig. 1). 

Most of the neighbouring villages to the north also suffered damage. Com- 
plete destruction was said to have occurred at Quibhir, Bhalaidhara, Dumbri and 
Chiakamen. 

Hilly Tracts : Dharan-Tambur river . — The path between Dharan Bazar and 
Dhankuta ascends over a pass 4,600 feet in height through an outcrop of shattered 
vitreous quartzites. Rock falls were abundant in these quartzites on both sides 
of the pass (Plate 26, fig. 2), one on the north side blocking the path for a 
distance of about 100 yards. 


Isoseismal VIII. 

Terai : Raxaul-Birganj. — ^Betweon Raxaul and Amlekganj the chief means of 
communication is the 2^ foot gauge Nepal Government Railway. A bullock cart 
track runs alongside the railway, and was used by motor cars after the railway had 
been put out of action. Birganj is the headquarters of this railway. The station, 
the pucca houses of the railway quarters, and the high water tower by the station 
were not damaged. Damage was worse in the cose of the kutcha-pucca houses of the 
bazar, where several cases of collapse were noticed in walls orientated east- west. 
The piers of some of the bridges near Birganj were cracked and the line itself was 
considerably buckled. Fissures and sanding were extensive between Raxaul and 
Birganj, but became uncommon between Parmanipur and Amlekganj. No damage 
was noticed at Parmanipur either to the bridges or to the village houses. 

HiUy Tracts : Bhimphedi-Ghandragiri. — Sisogarhi is a village situated upon 
a N. E. — S. W. ridge. Many old and badly built houses collapsed, the walls run- 
ning north-south being the most affected. The N. E. — S. W. walls of the Maha- 
raja’s private bungalow were cracked, the width of separation being up to lom. 
Two chimneys fell, one towards 100° and the other towards 140°. One of the 
N.W. — S.E. walls in the cook house of the Dak Bungalow collapsed. 

From Sisagarhi numerous landslides were seen south of Bhimphedi on the 
northern slopes of the ridge culminating in hill 8297. 

Kutchlijor : the north-south walls of some of the houses fell eastwards. Most 
of the houses were crooked. 
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Ohitlang : at Chitlang there waa oonsiderable ooUapte, and one person was killed. 
The N. W.— S. E. walls were the most afieoted. 

Hilly Tracts : North-toest of the Nepal valley. — Thansing : some of the buildings 
were slightly cracked. The dharamaala was unaffected. A village one mile to the 
north of Trisuli Bazar (27° 56' : 86° 08'), lying upon an alluvial terrace, was more 
severely affected than the town itself. Partial collapse was noticed in three 
houses, and most of them were cracked. 

Gerkuta : the edge of the terrace of gravelB and sands collapsed into the Trisuli 
river. 

Syabru (28° 08' : 86° 20') ; the travel permit did not eictend as far as this vil- 
lage, which lies a day’s march beyond Betrawati (27° 69' : 86° 11'). It was re- 
ported in Betrawati that 36 houses collapsed in Syabru. This village lies at an 
elevation of 8,000 feet, 2,200 feet above the Langtang Khola, and probably there- 
fore is not situated upon an alluvial terrace. It is difficult to account for the re- 
ported severity of the damage, and it is possible that the presence of cracks was 
considered to be a major catastrophe. 

Hilly Tracts : Dhanhuta-Chainpur-Taplefung. — Dhankuta (26° 69' : 87° 21') is 
the headquarters of the most easterly of the Nepal districts. The town is situated 
upon a north-south ridge between the Arun and Tamur rivers and lies at an eleva- 
tion of from 3,600 to 4,160 feet. 161 deaths were reported from the district. The 
damage to Dhankuta was very uneven. The hospital and male and female jails 
collapsed completely, while the kutchery and Bara Hakim’s quartern, which are 
higher up upon the ridge, were cracked so severely as to necsessitate demolition. 
The wails orientated north-south collapsed more than those running east- west. 
In contrast to this damage, the main part of the bazar was practically unaffected, 
except for minor craicks. This is surprising since the bazar lies upon the same ridge 
os the official buildings, and, like them, appears to have been built mainly of brick 
and mud. 

Two destructive landslides occurred, situated 6 and 9 mUos north-west of 
Dhankuta and causing respectively 30 and 13 deaths. Many villagers were, out 
on the hill-sides at the time of the earthquake cutting grass and were (jaught by 
the falls of mica-schists and gneisses. 

At Pairibas and Legua Ghat parts of old walls fell, the main movements being 
east-west. At Kumal several houses were cracked, but there was no collapse. The 
soil cap was fissured on the steeper slopes. 

At Ghainx)ur (27° 17' ; 87° 20') the damage was very slight. Two houses fell 
while some others were crooked, but the majority of buildings and the temples 
escaped completely. 

At Nundhaki (27° 19' ; 87° 28') there was little damage to the village itself, 
but numerous landslides were noticed in the neighbourhood, most of them being 
old slips that had been set in motion again by the earthquake. One slip 1} miles 
N. N. W. of the village originated at the time of the shock. 

At Dumahan (27° 22' : 87° 37') a few of the houses were cracked but the damage 
was slight even in the case of buildings situated upon the edge of the river terrace. 

Taplegung (27° 21' : 87® 40') is an important village along the route into Tibet 
vid the Tamur river and its tributary the Yangma Khola. Reports which reached 
Katmandu suggested that the town had been wiped out and that a volcanic 
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oruption had blasted away a large area of the mountain side. The only building 
which sufiFered severe damage was the jail. Both the compoimd walls built of brick 
and mud and orientated N. N. E. — S. S. W. collapsed, while the interior building 
of undressed boulders of phylUtc* also fell. Houses belonging to the Hakim and the 
master tailor weie eracloHl us well us several in the bazar and two temples. Taken 
jis a whole the damagi‘ was very slight. Taplejung is built upon chlorite })hyllite8 
f)f th(‘ Daling s<‘ri(‘s (Auden, 19115, Plat-e 8), and it may be remarked that there 
are no voleanoe.s in th(5 neighbourhood. An extensive area of luntlslip, about 
thr(‘e square miles in ai-ea and lying from one to two miles north-east of the 
village, originated in 1927, presumably as a result of the heavy monsoon of that 
year which also caused the destruction of the railway bridge over the Gandak river 
at Ohhitauni Ghat. Another area of slip occurs near Dokhu, about three miles 
E. S. E. of Taplejimg and is said to have begun in 1924. The slips duo to the 
earthquake are unimportant in this region and inferior in size to those which 
were initiated before it. 

Fissures wore formed as a result of the earthquake on the Angbung ridge. 


Isoseismal VII. 

Term Atnlekganj. From mile 17 on the Nepal Government railway to Amlek- 
ganj, the railway and kufeha road pass over jungle covered gravels. A few buckles 
ui the line ^^crc noticed, but the damage was slight. Amlekganj was almost un- 
affected excf'pl for minor cracks. Sporadic sand vents were seen. The buckled 
railnay line should be regarded as witliin isoseismal Vlll, but Amlokganj itself 
may be plaec'd in VI f, since even the kutcha-piLcca bazar houses were only cracked. 

Ililljj Tracts : Andekganj-Bhimphedi, — ^From Amlokganj (27° 17' : 86° 00') 
to Bhimphedi (27° 93' : 86° 08') there is a pucca road* suitable for heavy motor 
traffic. The road passes through a short tunnel over the Siwalik range at Churia 
Ghat, which was undamaged. One pier of the bridge over the Karra river collapsed 
and the traffic had to be diverted over an adjacent temporary bridge. Samri 
bridge was unaffected. Slight cracks were seen at Bhainso Dobhan, in a large 
brick house two miles higher up, and at Dharsing village. The rope-way from 
Dharsing to near Katmandu was undamaged, although the shock was violent enough 
to prevent people from standing. 

Hilly Tracts : North-weal of Nepal vaUey, — Nawarkot (27° 66' : 86° 10') is the 
(iapital of the district of that name. Brick-panelled houses were affected by 
some large cracks, but not severely enough to make most of the buddings unsafe. 

Trisuli Bazar : the suspension bridge over the Trisuli river was undamaged. 
Some of the houses were cracked. 

Betrawati (27° 69' : 86° 11'): in this village severe cracks were noticed, but 
not severe enough to necessitate demolition and re-building. 

Hilly Tracts : East of the Nepal valley, — The villages on the east side of the 
Nepal valley beyond the Nagarkot ridge were almost undamaged. Naldun, Bali- 
napati, Sirtibas and Upper Deopur were scarcely cracked. The houses in the lower 
D^pur village (27° 44' : 86° 36') were cracked somewhat more severely but not 
sufficiently to render them unsafe. 
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NEPAL (KATMANDU) VALLEY. 

Introduction. 

In describing the damage of the Nepal valley it haa been thought advisable 
to depart from the normal procedure of treating each isoseismal area in the general 
narrative which includes India, since it is considered that the account would lose 
cogency by being divided up into separate sections each referred more to areas 
of similar apparent intensity in Bihar than to one another. The Nepal valley 
forms a unit which is best described in a continuous sequence. 

The Nepal or Katmandu valley is an enclosed basin about 100 square miles 
in area and lying at an elevation of 4,500 feet. It is completely surrounded by 
liills except for the Pharjiing gap on the south side through which the Bagmati 
escapes. 

The population of the valley is given in the 1920 census as 306,909, and the 
number of houses as 66,440. The death roll was about 3,400, or a little over one 
per cent. The number of houses which collapsed to the ground was 12,397, 
nearly 19 per cent, of the total. 25,658 houses (38 per cent.) were badly cracked. 
These figures refer to the whole valley ; the percentage in isoseismal X naturally 
being greater and in isoseismal YUI less than the average. 

The valley resembles that of Kashmir in that a basin within the mountains has 
been partially filled by Pleistocene and Becent fluviatile and lacustrine sediments. 
In the case of the Nepal valley, rejuvenation has caused the numerous branches 
of the Bagmati river to cut steep sided valleys in to these sediments up to a maxi- 
mum depth of about 350 feet. The more general depth is about 160 feet. The 
present disposition of these sediments is therefore in the form of a series of flat 
terraces with intervening flat-bottomed valleys. The strata filling the basin con- 
sist of gravels, sands, sandy clay, a stiff blue clay and lignite. The basement of 
these river and lake deposits consists of a varied assemblage of pre-Tertiary ortho- 
ond para-gneisses, schists, slates, granulites, quartzites and limestones. Spurs of 
pre-Tertiary rocks penetrate into the basin from Deochak to Kirtipur, from Sheo- 
puri to Boddhnath and from Nagorkot to Changunarayan. 

The principle towns, Katmandu, Patan, Bhatgaon and Sankhu, lie upon Ter- 
tiary and Quartemary sediments. 

There are therefore two contrasted types of rocks ; — the compact metamor- 
phics and paitially metamorphosed pre-Tertiary series ; and the young uncon- 
solidated fluviatile and lacustrine strata. The latter resemble the beds comprising 
the Gangetic alluvium, with the importfmt difference that their disposition in the 
Nepal valley as terraces bounded by steep cliffs permits the ready escape of water 
by seepage, and therefore prevents the formation of water-logged quicksands. 
Hence the seismic phenomena associated with mobile alluvial quicksands, such 
as occurred in the Gangetic plain, were absent from the Nepal valley. Only one 
small group of sand vents was observed in the valley, in a field near Harisidhi, 
a village 3 miles south of Patan. Fissures were occasionally noticed, as along the 
eastern side of the parade ground at Katmandu, where slight faulting had thrown 
the alluvium down very locally to the extent of a foot. General subsidence of 
the ground, and tilting, and slumping of buildings were entirely absent. The type 
of damage in the Nepcd valley was similar to that at Mcmghyr and not to that in 
the central slump belt of North Bihar. 
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In spite of the absence of water-logged sands in the Nepal valley, there was a 
marked contrast between the apparent earthquake intensity experienced over the 
alluvial area and that manifested on the surrounding outcrops of harder rock. 

The damage in the Nepal valley was in general slight in the case of houses built 
upon the pre-Tertiary rocks bordering the valley and forming inliers and promon- 
tories into it, while it was much worse to buildings situated upon the young 
unconsolidated sediments, (Plate 26, fig. 1). Isoseismals IX and X are completely 
confined to the alluvial tracts in the valley, while the outcrops of pre-Tortiary 
rocks are characterised by an apparent intensity between isoseismals Vlll and IX. 


Isoseismal X. 

Isoseismal X encloses a narrow tract running E. N. E. — W. S. W. at the eastern 
end of the valley in which are situated the town of Bhatgaon and the villages of 
Khokna, Bagmati and Harisidhi. There was a 100 per cent, destruction of houses 
in the villages, and the few temples in them which did not actually fall, wore cracked 
and distorted beyond hope of repair. The condition in the three villages mentioned 
above was one of such ruin that streets and alley-ways were completely blocked 
and their former ahgnments were often impossible to discern. The death rate 
was very high and bodies were still being recovered from the ruins at the time 
of visit one month after the earthquake had occurred. 354 people perished in 
Bagmati and Khokna alone. 

In Bhatgaon there was about a 70 per cent, destruction of houses. Counts 
along parts of different streets showed the following percentages of collapsed 
houses ; — 100, 77, 83, 40. Some temples suffered less, and the famous Nyatpola, 
or Mve-roofed Temple, which was built in 1703, escaped except for minor falls from 
the eaves of the roofs. The Vhairaba temple on the other hand collapsed com- 
pletely. The extent of damage is manifest by a comparison of Plate 26, fig. 2, 
in the Memoir with the Plate on page 215 of Volume I of Landon’s ‘ Nepal The 
contrast between these two photographs, taken from almost the same spot, estab- 
lishes the extent of damage which did occur and which is not at first evident from 
an inspection only of the plate figured in this Memoir. 

Many of the great pillars with molded capitals, structures which would bo 
expected to have fallen on account of the inertia of the heavy mass at the top, 
remained upright. An example is the magnificent Bhupatindra Malla shown in 
Plate 26, fig. 2. Some pillars were, however, tilted slightly, such as that in front 
of the Dattatraya temple which was tilted towards the north, but in general these 
structures remained unaffected and are evidently very firmly embedded in the 
ground. 

The houses which escaped collapse were built of well-shaped polished brick 
which had been properly baked and neatly laid together. The damaged houses 
were built, in general, of poorly baked bricks and laid with an excess of mud bind- 
ing. 


Isoseismal IX. 

Isoseismal IX follows very approximately the boundary between hard rock 
and the alluvial sands, gravels and days. 
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Katmandu . — ^Independent estimates by Colonel Smith, I.M.S., and myself 
indicated that about 26 per cent, of the houses in the town collapsed. For the 
most part the houses are built of badly baked brick with abraded comers and laid 
1-ogether with an excess of mud binding. The damage ap)xjared to be worse in 
tlie slightly more elevated part t>f the town than on the slopes loading down to the 
east and west. North-south and east- west walls woie equally affected. A badly 
damaged area was around the Hanuman Dhoka. The Jagonnath temple was tilted 
over towards the south and a satellite temple near by towards the east, while the 
capital of the fine pillar (figured on page 128 of Volume I of Landon’s ‘ Nepal *) 
fell to the ground in a northwards direction. The top roof of the Pali temple fell 
towards the W. S. W. The famous Dharara, or Bhim Sen tower, is a brick monu- 
ment which was ten storeys and about 160 feet in height. Five storeys collapsed 
as a result of the earthquake. It was reported in Katmandu that this tower was 
once oven higher than ten storeys, and that two of them fell during the 1833 earth- 
quake.* The double storey portico of the Tri Chandra College, which was built 
in 1918, collajwed to the east, smashing the compound wall, (Plate 24, fig. 1). 

The large i)alaces of the ruling family of Nepal w<;re badly affected. The walls 
of these palaces are thick but are built of poor materials with an excess of mud 
binding and with only a facing of mortar. The wings were the most severely 
affected j)artH of these buildings. 

The cast-west walls of the Singha Ihurbar Palace showed considerable collapse, 
particularly that on the south side which fell towards the south. The whole palace 
was btuliy cracked. 

At the ])ala<je of Gouornl Sir Kaiser Sum Shcr tlic north-south wings suffered 
most. Of eight brick pillars erected in the garden, intended for the training of 
creepers, seven fell. The directions of fall were to the north, north-west and 
south-east, and the acceleration calculated according to West’s formula was 
2,048 mm. per sec. per sec. The bandstand roof fell to the N. N. E. 

Parts of the east- west walls of the palace of Sir Mohan Shum Shere collapsed. 
The Durbar Hall was very badly cracked, particularly at the archeSs Jack arch 
plates were bent. A stone ball, two feet in diameter, was thrown to the ground 
from the roof at the south-east comer of the building, a horizontal distance of 120 
feet towards the S. S. E. 

The north wall of the palace of General Krishna Shum Shere was completely 
d(\stroyod and the whole building was very severely damaged. 

At the Legation compound the kutcha-ptuxa btmgalows on the east side of the 
compound were only slightly damaged, a bungalow built at the end of 1933 being 
untouched. The houses of the Legation Doctor and of the Superintendent were 
the most affected, some of the walls collapsing. Chimneys in the Superintendent’s 
house fell eastwards. Pillars in the garden of the British Minister fell towards 
the oast and E. S. E. 

The north and south walls of Mr. Kilbume’s house partially collapsed. 
Pillars in the garden fell to the north and south, and indicated an aooeleration of 
2,044 mm. per sec. per sec. 

' Bliiiii Sen cumiuftted suicide while a prisoner in 1839 on bearing that his wife 
had been compelled to walk the streets of Katmandu naked. Unl^ the Dharara 
was erected during Bhim Sen’s life time, this report is inaoourate. 
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Patan. — As in the case of Katmandu, there was about a 25 per cent, deartruo- 
tion of the houses in Patan. New buildings of polished briok escaped the worst 
damage in the same manner as at Bhatgaon. Destruction was severe in the Theima 
Thola. The 'Matayandrinath temple was completely broken, but the pillars sup- 
porting statuettes of the God’s favourites remained intact. 

The private palace of His Highness, the Maharaja, was badly damaged, his 
own compartments at the south-west end and the north wall collapsing. A de- 
corative pot on the top of the south verandah fell to the ground in a S. 8. W. dir- 
ection. The zoo enclosure was quite unaffected although surrounded on all aides 
by damaged buildings. 

At Thimi about 80 per cent, of the houses were cracked and 25 per cent, badly 
damaged. At Sankhu between 30 and 40 per cent, of the houses appeared to 
require complete demolition. 

At Dharamtali, four miles north of B^tmandu, the collapse of houses indicated 
an approach in apparent intensity to isoseismal X. About half the houses fell 
and many of the roofs lolled over towards the east. This village lies on the top 
of a narrow ridge of clays and sands, and may be considered to have shaken as 
if it were the top of a structure the total height of which was equal to the height 
of the terrace and buildings combined. 

Isoseismal VIII. 

The area enclosed within isoseismal VIII corresponds approximately with 
the outcrops of pre-Tertiary rooks. There were numerous small rook falls in the 
highly weathered pegm vtites of the Sheopuri Lekh, but the crumbly and unstable 
nature of these rooks does not necessarily indicate any high intensity of the earth- 
quake waves. 

Pashupatinath, Boddhnath and Swayambhunath, three of the moat sacred places 
of pilgrimage in Nepal, escaped severe damage. 

Pashupatinath lies upon weathered schistose quartz-granulites and is well built 
of large out blocks of stone. It was undamaged. 

Boddhnath lies on clays probably derived from the weathering of the under- 
lying basement rooks and was also undamaged. 

Swayambhunath has the finest situation of any building in the valley, lying 
on the top of a hill about 300 feet in height above the general valley level. 
The hill is covered by loose boulders of quartzite and granulite which are cer- 
tainly part of the solid rook of which the hill must be made. The temple itself 
was undamaged, but some of the satellite temples and the dharamsalas were cracked. 
Landon states (Vol. I. p. 38) that this temple was damaged in the 14th century 
by a violent earthquake and was repaired by Jyotir (died 1427) in the early 15th 
century. 

The new hydro-electric dam erected above Sundarijal was unoraoked and 
Nagarkot (27^ 42^ : 85° SP) was almost undamaged, l^e bungalow at Kakuni 
{27° 49' : 85° 10') on the other hand, was very badly cracked and had to be 
demolished. 
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